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Preface 


The Repair and Maintenance of Small Gasoline Engines is written for 
the person who wants to study small gasoline engines so that he can repair his 
own engines, work in a repair shop, or open his own small engine repair shop. 
The book is also written for contractors such as lawn servicers or tree trimmers who 
need to provide periodic maintenance on small gasoline engine-powered equipment 
to assure its daily use over a long period of time. 

The Repair and Maintenance of Small Gasoline Engines contains the 
fundamentals of operation and maintenance of many types and models of small 
gasoline engines used to drive machinery and vehicles, including: lawn mowers 
and edgers; ranchette machinery such as tractors, mulchers, tillers, and sweepers; 
chain saws; cutters; drills; clectric generators; pumps; welding machines; industrial 
sweepers and scrubbers; carts; tri-carts; small all-terrain vehicles; snowmobiles; out- 
board motors for boats; minibikes; and lightweight motorcycles. Conscientious study 
of the fundamentals of operation and maintenance presented in this book will 
provide you with a thorough background for repairing any small gasoline engine. 

The Repair and Maintenance of Small Gasoline Engines is divided into 
cleven chapters that logically teach the future small gasoline engine technician, the 
contractor, and the do-it-yourself home owner how small reciprocating gasoline 
engines work, how to perform periodic maintenance to the engines to ensure their 
continued uscfulness over the rated design period, and how to recognize troubles, 
make tunc-ups, and repair malfunctions. Chapter 11 presents the rotary engine and 
a look at future engine designs beyond the rotary. Many chapters contain handy 
Quick Reference Charts that abbreviate the detailed procedures of the text. 


xi 
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This cutaway of a small gasoline engine shows you some of the major parts and controls. 


Small 
Gasoline Engines 


An engine is a machine for converting any of various forms of energy into 
mechanical force and motion. Energy is usually supplied in the form of chemical 
energy, such as fuel, or electrical energy such as a battery or alternating current 
used in houses. The mechanical force and the motion is most commonly delivered 
in the form of rotary motion of a shaft. 

Small gasoline engines are used to aid man to work quickly, efficiently, and 
with less fatigue than if done by hand—to help him to cut grass, till soil, remove 
snow, cut trees, transport materials, pump liquids, and to sweep floors. Small gaso- 
line engines are used to enable man to enjoy himself in his leisure time by pro- 
viding power for recreational vehicles such as pleasure boats, racing boats, racing 
carts, and all-terrain vehicles for transporting him on the golf course or to the 
hunting lodge. Small gasoline engines are also used to provide power for low cost 
transportation on light motorcycles and minibikes CFig. 1-1). 

Engines are classified by the: 


1. substance used for the driving force—as steam, compressed air and gaso- 
line. 
type of motion of their principal parts—as reciprocating and rotary. 

3. the place where the exchange from ehemical to heat energy takes place 
—as internal-combustion (gasoline engines) and external-combustion 
(steam engines). 


2 CHAP. 1 / Small Gasoline Engines 


Fic. 1-1. Millions of small gasoline engines are uscd to power recreational vehicles, tools, and 
machines; many of the owncrs do not care for them properly, resulting in employment 
for many small gasoline engine technician/mechanics. 


4. method by which the engine is cooled—air-cooled, such as lawn mowers 
and chain saws, and water-cooled, such as outboard engines and auto- 
motive engines. 
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5. position of the cylinders of the engines—as V, in-line and radial. 


6. number of strokes of the piston for a complete cycle—as two-stroke and 
four-stroke. 


MJ 


type of cycle—as Otto (used in ordinary gasoline engines), Diesel, and 


Wankel (rotary). 


8. direction of crankshaft—vertical, as a rotary lawn mower; horizontal, as 
a tractor with a drive pulley, or a generator power plant; and multi 
position, as a chain saw. 

9. the use for which the engine is intended—as outboard engine and 
lawn mower. 


The study of small gasoline engines in this text covers the classifications of 
engines that include a driving force substance of gasoline, a motion that is re- 
ciprocating or rotary, an internal-combustion engine, cooling methods of both air 
and water, various positions of the cylinders of the engines, two- and four-stroke 
engines, the Otto and the Wankel engine, crankshaft directions in the vertical, 
horizontal, and multi-position locations, and for uses in all types of small power 
applications discussed in Section 1-1. Engines are sometimes called motors, but 
the term motor is usually restricted to engines which transform electrical energy 
into mechanical energy. 

This chapter provides an introduction to the subject of small gasoline engines— 
theory, operation, and repair. The chapter covers subjects including: what is 
powered by a small gasoline engine, the future of small gasoline engines, basic 
operation of small reciprocating gasoline engines, and safety. 

'The remainder of this book details the theory, operation, and maintenance of 
the reciprocating engine and its supporting systems: Chapter 2, The Basic Small 
Gasoline Engine; Chapter 3, Operation and Periodic Maintenance Procedures; 
Chapter 4, Basic Electricity and Electrical Components; Chapter 5, Ignition Sys- 
tems; Chapter 6, Starting Systems; Chapter 7, Fuel Systems; Chapter 8, Lubricat- 
ing Systems; Chapter 9, Troubleshooting, T'une-up, and Overhauling; and Chapter 
10, Math and Measurements. Chapter 11 provides the reader a basic understanding 
of the relatively new rotary engine; several future engine designs are also discussed. 

Nine appendixes provide essential supplementary information. Appendix A 
lists the necessary hand tools required for repair and maintenance of small gaso- 
line engines; Appendixes B through F provide metric conversions necessary for 
the technician if he needs to convert English measurements to metric equivalents, 
or metric measurements to the English equivalents. Appendix G provides battery 
tests and Appendix H provides illustrated parts breakdowns of typical small 
gasoline engines. Appendix I provides sample charts of service part clearances, 
bolt/nut/screw torque values, engine specifications and lubrication charts of a few 
typical small gasoline engines; the charts provide a sample of the type of data 
provided by manufacturers. A glossary of terms is included at the end of the book. 
Finally, a comprehensive cross-referenced index enables you to easily locate a 


subject within the text. 
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1-1. WHAT IS POWERED BY A SMALL GASOLINE ENGINE? 


The following small gasoline engine-powered machines are used to aid man to 
work quickly and efficiently, to enable him to further enjoy himself in his leisure 
time, or to provide power for low-cost transportation: lawn mowers and edgers; 
ranchette machinery such as tractors, mulchers, tillers, and sweepers; chain saws; 
cutters; drills; Cpower for) electric generators; pumps; welding machines; industrial 
sweepers and scrubbers; carts; tri-carts; other small all-terrain vehicles; snowmo- 
biles; outboard engines for boats; minibikes; and lightweight motorcycles. New 
uses of small gasoline engines are constantly being found by engineers, designers, 
technicians, homeowners, hobbyists, workmen, and leisure time pleasure seekers. 
Some of the applications of small gasoline engines as power units for machinery, 
recreational vehicles, and transportation are shown in Figures 1-2 through 1-19. 


Fic. 1-2. The motorcycle is an economical mode of transportation as well as a recreational vehicle. 
This trail bike is powered by a two-stroke cycle single cylinder engine. It has a bore of 
1.89 inches, stroke of 1.97 inches, piston displacement of 5.52 cubic inches and a 
compression ratio of 9.2 to 1. 


Fic. 1-3. Most of us are familiar with small gasoline engines used to power lawn mowers. Both 
engines shown are powered by two-stroke cycle engines. The mower in (B) includes an 
electric starter and is self-propelled. The crankshafts are vertical. 


Fic. 1-4. Small gasoline engines are used to power machines to ease man’s workload. This riding 
tractor with a snowdozer is powered by a 16.5 horsepower engine. 
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Fic. 1-5, This four-cycle 3.5 horsepower horizontal crankshaft engine can be used for many 
purposes. 
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Fic. 1-6. This tiller is powered by a four-stroke cycle engine. The crankshaft is horizontal and 
drives a roller chain and sprocket transmission. 


Fic. 1-7. Small gasoline engines provide many hours of leisure time pleasure for their owners. 
This water-cooled two cylinder two-cycle engine is 4 horsepower and runs at 4000 
to 5000 rev/min. Other leisure time vehicles powered by small gasoline engines include 
snowmobiles, carts, tri-carts, all terrain vehicles, and mini-bikes. 
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Fic. 1-8. Ар 8 horsepower engine powers this lawn tractor. It has a 12-volt electric starter, four 
speeds forward and reverse, and can travel up to approximately 5.5 miles per hour. 
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Fic. 1-9. А chain saw with a small internal combustion engine weighs only about 15 pounds. At 
maximum horsepower, the engine runs at 8,500 rev/min and the chain speed at 3,700 
feet/minute, The engine must be able to operate at any angle. 


8 CHAP. 1 / Small Gasoline Engines 


Fic. 1-10. This versatile tractor has attachments used to plow, cultivate, or mow. It is powered by 
a 10 to 12 horsepower engine. 


Fic. 1-11. The sales of small gasoline powered engines are being affected somewhat by advances 
in the electric motor power field. With the exception of rechargeable units that must be 
recharged frequently, the electric powered machinery is not portable, and hence, cannot 
be taken to even the slightest remote location. 
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Fic. 1-12. Compact chippers replace outdoor burning of branches, stalks, and yard trimmings with 
power chipping. A double blade rotating at 3600 rev/min reduces branches to mulch. 
The rotor is powered by a 7 or 10 horsepower small gasoline engine. It is estimated that 
about 12 million new small gasoline engines are produced per year. 


Fic. 1-13. Power generators driven by gasoline engines provide electrical power at remote sites. Oil 
is mixed with gasoline in this and all two-cycle engines. 


Fic. 1-14. Trash pumps pump water mixed with solids (mud, muck, sand, and light gravel) at 
capacities of 11,500 to 36,500 gallons per hour. 


nce d 


Fic. 1-15. Sickle mowers cut grass, weeds, and brush. The engine operates on the Otto cycle and 
has a horizontal crankshaft. 


Fic. 1-16. The engine that powers this tractor is 16.5 horsepower, two cyclinder, four-stroke cycle, 
L-head, and air-cooled. The crankcase capacity is 3.5 quarts. 
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Fic. 1-17. А gasoline engine-powered multipurpose saw is designed for demolition, scrap salvage, 
forcible entry, and rescue work. Like the chain saw, it must operate at any angle. 


Fic. 1-18. Тһе small gasoline engine can be used to provide power for welding machines at remote 
locations. 


Fic. 1-19. A 3 to 7 horsepower engine drives various models of this sweeper/blower. The fan 
moves 1000 to 2000 cubic feet of air per minute with an air blast of 110 to 150 miles 
per hour. The sweeper blower removes leaves, litter, and water. 
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1-2. THE FUTURE OF SMALL GASOLINE ENGINES 


There are tens of millions of small gasolinc engines in use in the world today and 
this number is increasing by millions of additional engines built each year to 
simplify man's work around the home, farm, and industry, and to provide power 
for recreational pleasure. Each of these millions of small gasoline engines is de- 
signed to opcrate for approximately 1,000 hours; if an engine is used 4 hours per 
week for 32 weeks out of the year, this would equal 128 hours of operation per year. 
Thus the life expectancy of an engine is approximately 8 years, but many people 
don't provide periodic maintenance to the small gas engine. Many engines dis- 
continue operation because of a lack of maintenance or abuse and are junked 
each year. The engines remaining in service require periodic preventive main- 
tenance, corrective maintenance, and repair. This means work for the technician 
trained in the servicing and repairing of small gasoline engines. 

The sales of small gasoline-powered engines are being affected by advances in 
the electric motor power field. Electric motor-powered machines include lawn 
mowers, chain saws, small outboard engines, and rechargeable battery-operated 
carts, and industrial equipment. With the exception of the rechargeable units that 
must be recharged frequently, the electric powered machinery is not portable, 
and hence, cannot be taken to even the slightest remote location. 

With the energy shortages of electric power, natural gas, oil, and gasoline that 
we face in the United States today and will in the years to come, it is evident that 
more and more people are turning to the smaller gasoline engine powered vehicles 
for conservation of energy and for economic reasons. This means increased sales 
of small gasoline engines with subsequent demand for service and repair work by 
the skilled technician employed in the small gasoline engine field. 


1-3. BASIC OPERATION OF SMALL RECIPROCATING ENGINES. |. 


Figure 1-20 illustrates the small reciprocating engine and its supporting systems: 
starting system, ignition system, fuel system, and lubricating system. The small 
gasoline engine causes a piston to move in a reciprocating motion Cup and down) 
by means of combustion or fire, heat and pressure. It then converts this reciprocat- 
ing motion to rotary motion of a crankshaft. The engine proper consists of six 
major parts (Fig. 1-21): a cylinder, cylinder head, piston, connecting rod, crank 
and crankshaft, and crankcase. These components work together by using a mix- 
ture of air and fuel. A spark is used to cause combustion to provide and convert 
reciprocating motion of a piston to rotary motion at the crankshaft to drive a unit 
such as a blade on a rotary lawn mower, a pulley on a generator, or gears that 
drive a machine part such as the propeller on an outboard engine. 

The cylinder is stationary and hollow. A piston fits snugly into the cylinder 
and moves up and down within the cylinder. The cylinder head bolts onto the 
top of the cylinder and forms the top of the combustion chamber. A connecting 
rod connects the piston and the crank of the crankshaft in a manner such that the 
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Fic. 1-20. The basic small gasoline engine has five supporting systems. 
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Fic. 1-21. The small gasoline engine has six basic major engine parts. 


connecting rod moves up and down with the piston. The connecting rod drives 
the crank around and around, converting the reciprocal motion of the piston and 
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connecting rod to a rotary motion of the crankshaft. The crankcase houses most 
of the moving parts of the engine; it is the body of the engine. 

In every reciprocating engine, there are four actions that take place: the in- 
take of an air-fuel mixture into the combustion chamber; compression of this air- 
fuel mixture within the combustion chamber; the power action, in which the 
airfuel mixturc is ignited and the hot gases expand causing the piston to be 
pushed down; and finally, the fourth action that is the exhausting of the 
burned air-fuel mixture from the combustion chamber. These actions of intake, 
compression, power, and exhaust comprise the two types of engine cycles that are 
studied in detail in this text. The two types of cycles are termed the two-stroke 
cycle and the four-stroke cycle. A cycle of operation is a complete circle of events; 
for example, spring, summer, winter, and fall comprise a complete cycle or circle 
of events. Likewise, a cycle within the small gasoline engine is complete when 
all actions have taken place one time. This cycle consists of four actions re- 
quired of every reciprocating engine; the actions of intake, compression, power, 
and exhaust. In the two-stroke cycle of operation, there are two strokes that com- 
plete the cycle; compression and power. The actions of exhaust and intake occur 
between the power and compression strokes. The four-stroke cycle engine uses 
four strokes to complete thc four reciprocating engine actions. Thus, the first stroke 
is used for intake, the second for compression, the third for power, and the fourth 
stroke of exhaust completes the cycle. The two-stroke cycle and the four-stroke 
cycle will become more apparent when the complete theory of operation is dis- 
cussed in Chapter 2. 

As shown in Figure 1-20, there are four supporting systems for the small gaso- 
line engine plus a fifth system which is an integral part of the engine. The starting 
system provides the initial means of starting the engine cvcle of operation. The 
ignition system provides the spark to ignite the air-fuel mixture in the engine at 
the correct time in the operating cycle. The fuel system provides the correct 
proportion of air-fuel mixture to the engine and the lubricating system provides 
the necessary lubrication to reduce friction and hence to extend the life of the 
moving parts within the engine. The fifth system, an integral part of the small 
gasoline engine, is the cooling system. The cooling system is either air or water, 
and its function is to carry away the heat generated by the combustion of the air- 
fuel mixture within the combustion chamber. 

The basic difference between the two- and the four-cycle engine is the method 
in which the air-fuel mixture enters the cylinder combustion chamber and the 
method in which the burned mixture exhausts from the cylinder. As previously 
mentioned, the number of strokes to complete a cycle is also different—there are 
two strokes to complete the two-stroke cycle engine operation and four strokes to 
complete the four-stroke cycle engine operation. The methods of lubrication to 
reduce friction within the engine and extend the life of the moving parts are 
also different within the two- and four-cycle engines. 

The two-stroke cycle engine is lightweight, low in cost, powerful, and its 
operation is simple. There are only three moving parts—piston, connecting rod, 
and crankshaft. These keep maintenance costs at a minimum and cfficiency at a 
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maximum. The two-cycle engine does not require that an oil level be maintained; 
it is always lubricated by the oil in the oil-gasoline fuel mixture. The engine 
always remains lubricated regardless of the angle at which it is operated. (For 
example, the chain saw is a two-cycle engine. It is operated at many angles, but 
it is continually lubricated because the oil is mixed with the gasoline.) Two-cycle 
engines power many lawn mowers, edgers, tillers, chain saws, motorcycles, and 
similar machines. 

The four-cycle engine operates more smoothly and quietly than does the two- 
cycle enginc. The small four-cycle engine is the type of engine used in automobiles 
and trucks. It is not necessary to mix oil with the gasoline, but it is necessary to 
place oil in the crankcase and to change the oil periodically. The engine must be 
operated on a fairly level surface to prevent a lack of lubrication of the internal 
parts. For equivalent horsepower rating, the four-cycle engine is larger and heavier 
than the two-cycle engine. The four-cycle engine requires a larger cubic piston 
displacement so a greater amount of fuel can be exploded at each ignition period 
to drive the engine through a cycle. The fourcycle engine runs cooler because 
of a longer period between consecutive firing periods. 

There are several ways to identify a two-cycle engine from a four-cycle engine. 
Some of these ways are not readily apparent at this juncture in your course, but 
will become more apparent as you study this text. The simplest method to tell the 
difference between the two-cycle and the four-cycle engine is to look at the name- 
plate or the operating and maintenance instructions. If the nameplate or the 
operating instructions tell how to mix a proportion of oil into gasoline, then it 
is a two-cycle engine. Likewise, when the crankcase capacity is mentioned, it 
means the oil is not mixed with the gasoline, but it is put into the crankcase, and 
is therefore a four-cycle engine. If you notice an oil filler plug or an oil reservoir, 
then you will know it is a four-cycle engine. If the instructions require that the 
oil be drained and refilled periodically, then obviously it is a four-cycle engine. 
A not-so-obvious means of determining whether an engine is two-cycle or four- 
cycle is the location of the muffler. If the muffler is installed toward the center 
of the cylinder at the location of the exhaust port, then it is a two-cycle engine. 
However, if the muffler is installed at the head of the cylinder at the location 
of the exhaust valve, then it is a four-cycle engine. 


1-4, SAFETY 


It is imperative to emphasize the necessity of safety practices in the small engine 
repair shop or in your home or garage if you are repairing your own small gasoline 
engine. Considerations of fire from gasoline and oily rags are the most important. 
Likewise, it must be emphasized that deadly carbon monoxide exhaust gases are 
given off by all gasoline engines. You must also be careful in using high-pressure 
air to clean engines. 

Gasoline should never be kept in glass bottles. If a bottle should fall onto the 
floor and break, it could cause an immediate flash fire if the gasoline is ignited by 
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any spark source. Always keep gasoline stored in small cans and insure that vapors 
do not leak from the cap. Gasoline vapors can build up within a closed area, and 
can be ignited, for example, by turning on an electrical switch which could cause 
a spark to ignite the gasoline vapors. Be-sure to check your local city, county, and 
state regulations regarding the keeping of containerized gasoline. Oily rags should 
be kept in a closcd metal container. Excessively oily rags should be discarded. 

Do not run small gasoline engines in a closed environment at any time. Gaso- 
line is made of hydrocarbons (hydrogen and carbon) and when it is mixed with 
air and burned, three by-products are produced: carbon dioxide, carbon monoxide 
and water. The molecules of carbon monoxide cannot be seen and cannot be 
smelled, but they are deadly gases. Therefore always operate gasoline engines in 
a well ventilated area. 

Do not make any adjustments or repairs and do not clean any parts of an en- 
gine until the spark plug lead has been disconnected or/and the start switch is 
placed to off. This will prevent inadvertent engine starting. 

Do not fill the fuel tank while the engine is hot unless the fuel tank is 
located several feet from the engine and there is по chance that any gasoline could 
spill onto the engine. Spilling gasoline on a hot engine could cause an explosion 
and serious injury. For the same reasons, do not fill a fuel tank when the engine 
is running; ensure that the engine is off before adding fuel. 

Some of the procedures within this text recommend the use of high-pressurized 
air as a method of blowing dirt from engine parts. Be sure to wear goggles or a 
face shield to prevent dirt particles from getting into your eyes. 
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You have learned the basic theory of operation of the two-stroke cycle and the 
four-stroke cycle engines. Both the two- and fourcycle engines аге internal- 
combustion engines that have four actions: power, exhaust, intake, and compression. 
The two-cycle engine, more correctly identified as the two-stroke cycle engine, has 
what are considered as two strokes—power and compression strokes—with the 
actions of exhaust and intake in between the power and compression strokes. The 
four-cycle engine, more correctly identified as the four-stroke cycle engine, has four 
distinct strokes: power, exhaust, intake, and compression. 

The operation of both the two-cycle and the four-cycle engine is basically the 
same. An air-fuel mixture is brought into the combustion chamber in the intake 
action. The air-fuel mixture is then compressed and ignition from a spark between 
the electrodes of the spark plug causes combustion of the air-fuel mixture. The 
power stroke is initiated driving the piston down and then the exhaust action 
takes place with the hot burned gases exiting from the exhaust duct. During the 
power stroke, the piston is driven down coupling the power through the con- 
necting rod and crank to turn the crankshaft. ‘This action converts reciprocating 
or up and down motion into a rotary action of the crankshaft to which a power 
takeoff such as a pulley, gear, or mower blade is attached. 

This chapter explains the theory of operation and maintenance of the engine 
portion of the small gasoline engine. The major items discussed include: opera- 
tion of the two-stroke cycle engine, operation of the four-stroke cycle engine, a 
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description and theory of operation of the major parts within the engine, a sum- 
mary of engine operation, and maintenance of the major parts of the engine. 
Diligent study coupled with hands-on-experience in the practical exercises at the 
end of this chapter will result in a thorough knowledge of the basics of all of 
the major parts and operation of the engine. Further study in subsequent chap- 
ters will give you the total theory of operation and maintenance of not only the 
engine, but of all of the supporting systems. 


2-1. OPERATION OF TWO-STROKE CYCLE ENGINES 


The two-stroke cycle engine has two stroke actions, namely, power and com- 
pression with the actions of exhaust and intake occurring between the power and 
compression strokes. During the power stroke (Fig. 2-1A), the air-fuel mixture 
in the combustion chamber explodes, driving the piston down. As the piston passes 
the exhaust port (Fig. 2-1B), the hot burned gases begin escaping from the 
combustion chamber. As the piston continues down, the intake port is opened 
allowing a new air-fuel mixture from the crankcase to enter the combustion cham- 
ber. The piston continues downward driving, by means of the connecting rod, 
the crank and crankshaft to produce rotary motion. When the piston passes its 
bottom position, it begins on the upstroke (Fig. 2-1C) compressing the air-fuel 
mixture in the combustion chamber for the next power stroke. When the piston 
reaches top center, a spark jumps between the electrodes of the spark plug and 
the air-fuel mixture again explodes starting the next cycle of operation (Fig. 2-1A). 
The theory described can now be expanded to include the introduction of the 
air-fuel mixture into the crankcase through the reed valve located at the bottom 
of the crankcase. Ás the piston travels upward during the compression stroke, 
there is a slight decrease in pressure in the crankcase that causes a slight vacuum 
in the crankcase. Atmospheric pressure through the carburetion system causes the 
air-fuel mixture to flow through the reed valve into the crankcase (the reed valve 
is open because of the difference in pressure). At the top of the piston stroke, 
when ignition takes place, the piston is driven downward causing an increase in 
pressure in the crankcase that closes the reed valve. As the piston continues 
downward, exhaust gases are exited from the exhaust port; the piston continues 
downward and opens the intake port. The pressure of the piston going down 
causes the air-fuel mixture to be pushed through the intake port into the com- 
bustion chamber. This new flow of air-fuel mixture aids in forcing the hot exhaust 
gases out of the exhaust port. After the piston passes bottom center, it then starts 
on another upstroke closing off the intake port and then the exhaust port. It 
compresses the new charge of air-fuel mixture in the combustion chamber causing 
the mixture to be more explosive. This cycle of events of power, compression, and 
the actions of exhaust and intake taking place between the power and com- 
pression strokes, continues as long as the engine continues to run. Rotary valves 
or poppet valves (Section 2-7) are sometimes used in place of the reed valves. 
Some engines use a transfer port (Fig. 2-2) in place of a reed, rotary, or 
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The two-stroke cycle engine has two stroke actions, namely power and compression, with 
the actions of exhaust and intake occurring between the power and compression strokes. 


poppet valve. The transfer port is opened and closed by movement of the piston 
in the same manner as the intake and exhaust ports. As the piston moves up on 
the compression stroke, there is a slight vacuum created in the crankcase. Atmo- 
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spheric pressure causes the air-fuel mixture from the carburetion system to flow 
into the crankcase. When the piston reaches the top position, ignition takes place 
and the power stroke is initiated. The piston comes down opening first the exhaust 
port and then the intake port, and at the same time, it closes off the transfer port. 
Hot gases are exhausted and the pressure built up in the crankcase caused by the 
piston coming down forces the new charge of air-fuel mixture through the intake 
port into the combustion chamber. As the piston starts on the upstroke, it con- 
tinues to block the transfcr port, closes off the intake port, and finally closes off 
the exhaust port. The cycle continues to repeat as long as the engine runs. Reed 
valves, rotary valves, and poppet valves are discussed in more detail in Section 277. 
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Fic. 2-2. Some two-cycle engines use a transfer port rather than a reed, rotary, or poppet valve 
to admit the air-fuel mixture into thc crankcase. 


2-2. OPERATION OF FOUR-STROKE CYCLE ENGINES 


Four-cycle engines are used in many small gasoline cngincs and in most automo- 
biles. The four-cycle engine is basically the same as the two-cycle engine except 
for thc method of introduction of the air-fucl mixture into thc combustion chamber 
and the exhaust of the burned mixture from the chamber. In the two-cycle engine, 
the intake and the exhaust arc through ports in the cylinder walls that are opened 
and closed as the piston moves past the ports. In the four-cycle enginc, intakc 
gases and exhaust gases flow through ports in the top of the cylinder block at thc 
cylinder head. ‘These ports are covered by metal covers known as valves. The valves 
move up and down in guides by means of a gear and cam arrangement to open 
and close the ports at the proper time. 
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In the two-cycle engine, two strokes of the piston are required for a complete 
cycle of operation; this results in one revolution of the crankshaft. In the four- 
cycle engine, four strokes of the piston are required for a complete cycle of 
operation. These strokes are the four actions of power, exhaust, intake, and com- 
pression; this results in two revolutions of the crankshaft for one complete cycle 
of operation. 

The same major parts of similar design are used in both the two- and four-cycle 
engines. These parts include the cylinder, cylinder head, crankcase, piston, con- 
necting rod, crank and crankshaft, flywheel, bearings and the muffler. Additional 
moving parts that are used in the four-cycle engine include timing gears, cam- 
shaft, intake and exhaust valves, an oil slinger or oil pump, and springs. A 
comparison of the moving parts of a two- and four-cycle engine are shown in 


Figure 2-3. 
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Fic. 2-3. Additional moving parts are used in the four-cycle engine. These additional parts include 
a camshaft, timing gears, intake and exhaust valves, an oil slinger or pump, and springs. 


Four-cycle operation (Fig. 2-4) consists of four strokes. Starting with the power 
stroke, the ignition system sends a high tension voltage to the spark plug such that 
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a spark jumps between the spark plug electrodes causing a firing, or exploding, 
of the compressed air-fuel mixture in the combustion chamber. The explosion 
drives the piston downward. Toward the end of the power stroke, the exhaust 
valve is opened allowing the exhaust gases to begin to exit. The piston continues 
down to the bottom of the stroke and then starts upward in the exhaust stroke. 
As the piston rises in the cylinder, the exhaust gases are pushed out the exhaust 
valve. Near the top of the exhaust stroke, the intake stroke begins, the intake valve 
is opened, and a new air-fuel mixture is drawn into the combustion chamber as 
the piston starts its downward stroke. On the intake stroke, a partial vacuum is 
created as the piston goes down. Atmospheric pressure through the carburetion 
system causes the new mixture to flow into the combustion chamber. When the 
piston reaches a little beyond the bottom of its stroke and begins upward on its 
compression stroke, the intake valve is closed. Thus the air-fuel mixture in the 
combustion chamber is compressed by the piston moving upward. At the top 
of the compression stroke, a spark from the ignition system jumps between the 
spark plug electrodes and the spark causes ignition or combustion of the air-fuel 
mixture as another cycle of operation begins. Thus there have been four strokes 
of the piston to complete one cycle of operation. The four strokes have caused the 
crankshaft to rotate two revolutions. During the compression and power strokes, 
the intake and exhaust valves are closed. 

The intake and exhaust valves are opened and closed as a result of crankshaft 
rotation that drives a camshaft. The camshaft and cams that operate the valves 
are discussed in Section 2-15. 

An example of valve timing is shown in Figure 2-5. The left axis of the graph 
from bottom to top indicates a cycle of operation of a fourcycle engine: power 
stroke, exhaust stroke, intake stroke, compression stroke, and the beginning of the 
next power stroke. The horizontal axis shows the degrees of rotation of the crank- 
shaft. Two revolutions of the crankshaft (720?) which occur during one cycle 
of engine operation are displayed. When the piston is located at 0°, the piston 
is at its maximum top position. This position is known as top dead center (TDC) 
and occurs at 0°, 360°, and 720°. When the piston is at its bottom most point, it 
is known as the bottom dead center (BDC) position. This occurs at 180°, and 540°. 
In order for the burned exhaust gases to exit, and for a new air-fuel mixture to 
flow into the combustion chamber, the valves must open and close at overlapping 
times in the power and compression strokes. This overlap is shown by the bar 
graph of Figure 2-5. The power stroke begins at 0°. At some point before the 
piston hits BDC, the exhaust valve is opened. Most power has been expended, 
and thus there is not a loss of power. This opening of the exhaust valve before 
BDC insures that the port is wide open at BDC for the beginning of the exhaust 
stroke. As the piston moves upward toward the top of the exhaust stroke, the in- 
take valve opens so that it is fully open by the top of the exhaust stroke. The 
intake stroke begins and a new charge of air-fuel mixture flows into the com- 
bustion chamber pushing out the rest of the exhaust gases. The intake valve 
remains open as the piston passes BDC and the piston starts upward in the com- 
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Fic. 2-4. The four-stroke cycle engine has four separate strokes: power, exhaust, intake, and 
compression. 


pression stroke. This additional time beyond BDC allows for a full charge of new 
air-fuel mixture to enter the combustion chamber. The compression stroke then 
continues with both valves closed until TDC when a spark from the ignition 
system causes the air-fuel mixture to explode starting another power stroke. 
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Fic. 2-5. Valve timing is shown graphically along with piston position. 


2-3. CYLINDER BLOCK 


The cylinder block (Fig. 2-6) is the main body of both the two- and four-cycle 
engines; it is bored to receive the piston. The block is closed at one end by a 
cylinder head (bolted on) and is open at the other end. The piston moves up 
and down within the cylinder. The cylinder block is finely machined, of high 
quality, and made of aluminum or cast iron Çeven though the engine may be 
made basically from aluminum, the cylinder itself is usually steel or cast iron 
and is pressed into place. Some aluminum cylinders are chrome-plated to reduce 
friction and wear). Aluminum is light and is used more frequently than cast iron 
or steel. The cylinder block and crankcase (Section 2-5) may be cast as an inte- 
gral unit or the cylinder block may be attached to the crankcase with bolts. The 
crankcase is closed on the bottom by a crankcase base plate or oil pan. Some 
crankcases have both an end plate and a base plate. Gaskets of fiber or cork are 
placed between mating surfaces of crankcase parts. The cylinder bore is the internal 
diameter of an engine cylinder. The cylinder head (Section 2-4) refers to the 
cylinder cover of an engine. 

Cylinders can be arranged either vertically or horizontally. Engines with two 
cylinders can be arranged such that the cylinders are horizontally opposed or are 
vertically arranged one behind the other. Multi-cylinder engines have the cylinders 
placed behind each other in a row or bank. Two banks of cylinders are arranged 
in a V configuration. 
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Fic. 2-6. The cylinder bore in the cylinder block is finely machined for the piston. The cylinder 
head and the cylinder area above the piston form the combustion chamber. The crank- 
case is below the cylinder block. 
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2-4. CYLINDER HEAD 


The cylinder head (Fig. 2-6) forms the top of the combustion chamber of two- 
and fourcycle engines. The cylinder head is bolted to the cylinder and the 
cylinder head bolts are tightened in a specific sequence to a specific torqued 
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value. A gasket of fiber or cork is placed between the cylinder head and the 
cylinder block so that an air tight seal is made. The spark plug used for igniting 
the air-fuel mixture in the combustion chamber is located in the cylinder head. 
The spark plug is also torqued to a specific value. 


2-5. CRANKCASE 


The crankcase (Fig. 2-6) is the housing for most of the moving parts of two- and 
four-cycle engines. It houses the crankshaft and the bearings on which the crank- 
shaft turns and therefore maintains alignment of the engine. The internal parts 
in the crankcase include: a connecting rod, a crankshaft, the bottom of the 
cylinder, and the bottom of the piston. Four-cycle engine crankcases also include: 
a camshaft, cams, and cam gears; lubricating mechanism; the oil reservoir; and 
a crankcase breather. 


2-6. CRANKCASE BREATHER 


Fourcycle engines require a crankcase breather (Figs. 2-7 and 2-8) to rid the 
crankcase of pressures caused by blow-by gases escaping past worn piston rings 
and cylinder walls from the combustion chamber, by the downward force of the 
piston, and by expansion of the air in the crankcase from increasing heat. The 
build-up of pressure would eventually cause the oil seals to leak; to alleviate the 
pressure build-up, a breather is installed in the crankcase. The breather is a spring 
valve Creed valve) that lets pressure escape from the crankcase to the atmosphere 
Csometimes the gases are vented through the air cleaner). When thc piston begins 
an upstroke, a slight vacuum is created in the crankcase. The atmospheric pres- 
sure pushes against the spring valve and closes it off. In addition to the valve, 
the crankcase breather includes a filter which prevents dust from coming into 
the crankcase as the piston gocs up. A slight amount of air is drawn through the 
valve into the crankcase until the valve closes. 

Blowby gases containing carbon from the combustion chamber travel past the 
piston and piston rings into the crankcase wherc they can causc corrosion of 
the engine parts, thereby shortening engine life. If raw gasoline passes by into 
the crankcase, the gasoline dilutes the lubricating oil. Therefore the breather is 
needed to let these gases out of the crankcase. If any oil is scen leaking through the 
crankcase breather or oil scals, it is an indication that the breather is clogged 
and should be cleaned. Excessive pressure in the crankcase that cannot be vented 
will cause oil to leak from the seals. 

Other types of crankcase breathers include a ball check and a floating disk. 
They are opened by crankcase pressure and closed by atmospheric pressure. The 
filter clements used in crankcase breathers are metal mesh, fiber, or a polyurethane 
matcrial. The breather is located so that splashing oil does not hit it; the breather 
is often incorporated into the valve access cover (Fig. 2-27). 
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Fic. 2-7. Crankcase breathers rid the crankcase of pressures caused by blow-by gases. 
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Fic. 2-8. Crankcase breathers take on several different designs. Some breathers are incorporated 
into the valve access covers. 


27 


CHAP. 2 / The Basic Small Gasoline Engine 


2.7. REED, ROTARY, AND POPPET VALVES — ———————— 


Fic. 2-9. 


Reed valves, which are also called leaf valves, are made of a thin flexible steel 
alloy. The reed valves are located between the carburetor and crankcase interface 
of two-cycle engines. There may be one or several reed. valves in one assembly 
working together (Fig. 2-9). The reed valve opens to allow the air-fuel mixture 
from the carburetion system to enter the crankcase when the pressure in the 
crankcase is lower than atmospheric pressure. The reed valves close when the 
pressure in the crankcase, due to the downstroke of the piston, is greater than 
the atmospheric pressure. The closed valve prohibits the entry of the air-fuel mix- 
ture into the crankcase. 
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The reed valve opens to allow the air-fuel mixture from the carburetor to enter the 
crankcase of a two-cycle engine. 


Sometimes a rotary valve (Fig. 2-10) is used in place of the reed valve. The 
rotary valve is built into the crankshaft. Upon rotation of the crankshaft, the rotary 
valve port lines up with the crankcase port as the piston approaches TDC. This 
allows the air-fuel mixture from the carburetor to flow into the crankcase the 
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same as previously described. Poppet valves are also sometimes used instead of 
reed valves. The slight pressure differential created between the outside atmo- 
spheric pressure and the slightly lower pressure in the crankcase on the piston 
upstroke causes the poppet valve to open and admit the flow of air-fuel mixture 
into the crankcase. 


ROTARY 


Fic. 2-10. Sometimes a rotary valve is used instead of a reed valve to let the air-fuel mixture into 


the crankcase. 


2-8. PISTON 


The piston is a plunger like device (Figs. 2-11 and 2-12) which moves with a 
reciprocating motion within the cylinder of two- and four-cycle engines. It is 
made of cast iron, steel, or aluminum but is usually of aluminum because 
aluminum is lightweight and results in less inertia in the reciprocating parts. The 
piston has several sections including the head or crown, grooves, lands, and a 
skirt or base. The head or crown may be flat, convex, concave, or another design 
shape. The differently shaped heads are used to direct the flow of new gases and 
exhaust gases in the combustion chamber. The grooves in the piston are for hold- 
ing the piston rings (Section 2-9). The lands are the areas on the outside of the 
piston between the grooves; the skirt, or base, of the piston is the lower section 
of the piston to which the connecting rod is attached by means of the piston 
pin (Section 2-10). 

The piston delivers the driving force through the connecting rod to the crank- 
shaft. It also serves as a valve in the two-cycle engine to open and close the intake 
and exhaust ports (also the transfer port, if used). The piston must fit loosely 
within the cylinder so that it can move up and down and can expand from the 
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two cylinder engine are shown. 
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'The pistons, connecting rods, crankshaft, and associated components of a two-cycle, 
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Fic. 2-12. A four-cycle piston has two compression rings and one or two oil control rings. 
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heat of combustion. The clearance must be approximately 0.003 to 0.004 inch 
smaller than the cylinder. However the piston cannot be too loose or the pressure 
from the gases of combustion would slip by the piston causing inefficient opera- 
tion; there would be less power through the connecting rod to the crankshaft. 

The piston head is subjected to extremely high temperatures and mechanical 
stresses. The piston expands slightly from this heat; the head expands more than 
the skirt because the heat is more intense on the head. Therefore, the head of 
the piston is sometimes tapered or the lands of the piston are of smaller diameter 
to permit expansion and still fit loosely within the cylinder. 

A stroke of the piston is movement from the top dead center (TDC) to the 
bottom dead center (BDC) or from BDC to TDC. The length of the stroke is 
measured and is expressed in inches as one of the specifications of a gasoline 
engine, Figure 2-13 shows the stroke distance from TDC to BDC. The bore of 
the engine, also known as the cylinder bore, is the internal diameter of an engine 
cylinder. The bore is also measured in inches and is listed on an engine speci- 
fication sheet. 


TDC 


(BROT 
ORS AREAS] 


sf NSS 


BDC 


The stroke of the piston is the distance that the piston moves between TDC and BDC. 
The bore is the diameter of the cylinder. 


Piston displacement is another engine specification; it indicates the relative 
size of the engine. Horsepower is usually in direct proportion to the displacement 
size. The piston displacement is the volume displaced by the piston in its up and 
down movement. The larger the piston bore (cylinder inside diameter) and the 
longer the piston stroke, the greater is the piston displacement. 


(2-1) 
(B)? 
4 
D = displacement in cubic inches 
B = bore in inches 
C = number of cylinders 


S = stroke length in inches 
m = 3.14 


D 5-77 


where: 
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Example: What is the displacement of a one cylinder engine having a bore of 
2 inches and a stroke of 2 inches? 
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р — 6.28 cubic inches 


The compression ratio is the ratio of the space remaining in the cylinder 
(Fig. 2-14) at TDC of the piston stroke to the space in the cylinder when the 
piston is at BDC. For example, a seven to one compression ratio means that there 
is seven times as much volume in the cylinder at BDC as the area at TDC. 


Fic. 2-14. The ratio of the volume above the piston at BDC to that above the piston at TDC is 
the compression ratio. 


The compression ratio, which is another standard listed in engine specifica- 
tions, does not tell the horsepower of an engine, but it does indicate engine 
efficiency. The greater the compression ratio, the greater the engine efficiency. 
However high compression ratios cause increased stresses and loads on the engine 
parts. Higher compression ratios require premium fuels (Section 7-16). Small gaso- 
line engine compression ratios do not usually exceed ten to one (expressed 10:1). 

Piston head designs, particularly of two-cycle engines, vary considerably to 
direct the flow of intake and exhaust gases to and from the combustion chamber. 
The intake and exhaust ports are holes that are drilled in the cylinder walls to 
allow a new charge of air-fuel mixture to enter and to allow exhaust gas to escape 
as the piston opens and closes the ports as it moves up and down within the 
cylinder. The intake of the gases and the exiting of the exhaust gases through 
these ports and across the top of the piston are referred to as the scavenging of 
the gases. Scavenging means removing, or cleaning, burned gases from the 
cylinder after a working stroke. In two-cycle engines, scavenging is usually done 
by either the cross flow method, or the loop scavenging method. The piston de- 
sign determines which of the scavenging methods are used within the engine 
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(Figs. 2-15, 2-16, and 2-17). The loop scavenging method is identified by the 
large bores in the piston skirt. The cross flow scavenging piston does not have 
any bores in the skirt, except for the piston pin. 


LARGE BORES 
IN PISTON 


(a) FOR CROSS FLOW (b) FOR LOOP SCAVENGING 
SCAVENGING 


Fic. 2-15. Piston design determines the type of scavenging. 
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Fic. 2-16. Cross flow scavenging pushes the burned gases out of the exhaust port ahead of the 
new air-fuel charge. 


For cross flow scavenging, the head of the piston is dome-shaped to direct the 
new charge of air-fuel mixture, as shown in Figure 2-16, to help push the burned 
gases out of the exhaust port ahead of the new air-fuel charge. The dome shape 
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Fic. 2-17. The loop scavenging method through three ports forces the incoming new charges to 
impinge on one another and flow upward toward the top of the cylinder and then back 
down meeting and driving the exhaust gases out. 


also prevents the new air-fuel mixture from exiting from the exhaust port. In loop 
scavenging (Fig. 2-17), the piston dome has only a slightly curved contour. There 
are three intake ports or bores through the cylinder skirt that are slanted upward. 
This intake method through three ports forces the incoming new charge of air- 
fuel mixture to impinge on one another and flow upward toward the top of the 
cylinder and then back down meeting and driving the exhaust gases out. This 
results in a clean and powerful air-fuel mixture that is ready to be compressed 
and ignited as the piston reaches BDC. Loop scavenging results in a more com- 
plete removal of cxhaust gases, and therefore produces somewhat more horsc- 
power. Scavenging is only necessary on two-cycle engines, as the four-cycle engine 
has separate piston strokes for both intake and cxhaust. 


2-9. PISTON RINGS 


Piston rings (Figs 2-11 and 2-12) are used to give a good seal, or fit, between 
the piston and the cylinder wall of all small gasoline engines. Piston rings are 
used to retain maximum power within the cylinder above the piston head. To 
retain this power, the cylinder must be perfectly round and the piston rings must 
be seated correctly in their grooves. When the rings are installed, they fit tightly 
against the cylinder wall and against the machined grooves in the piston. The 
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rings are made of cast iron, steel, or other metal; they are frequently chrome-plated. 
There are many designs of piston rings and some designs, especially the oil rings 
Coil rings are used only оп fourcycle engines), may consist of more than one 
piece. The rings are split so that they can be installed over the piston lands and 
into the grooves of the piston and so that the rings can expand and contract with 
heat and wear. 

There are two types of piston rings: compression rings that are used to prevent 
compression leakage and oil rings to control the amount of oil that passes up the 
cylinder wall and into the combustion chamber. Generally the grooves for the oil 
rings have holes in them that permit oil from behind the rings to escape back to 
the crankcase. The pressure in the combustion chamber forces the rings against 
the cylinder wall and against the piston groove, thus making a seal. Badly worn 
rings, or rings damaged by overheating will cause loss of compression and the 
rings must be replaced. 

In two-cycle engines, there are two rings, both used to seal pressure. The 
pressure that the first ring misses is blocked by the second ring. Both rings are 
known as compression rings and hold the pressure in the combustion chamber 
during compression and combustion. In four-cycle engines, the two rings toward 
the head (top) of the piston are compression rings and are used as described, 
but as a secondary function they also provide some oil control. A third ring, used 
in the four-cycle engine, is called an oil control ring. This oil control ring scrapes 
oil from the cylinder wall to prevent the oil from entering into the combustion 
chamber where it would burn and cause trouble in the form of carbon deposits. 
The oil ring is necessary in the four-cycle engine because of the method of 
lubrication of the four-cycle engine (Chapter 8). Sometimes there is even a 
fourth ring necessary for additional oil control. 


2-10. PISTON PIN CWRIST PIN) 


The piston pin, also known as the wrist pin, connects the piston to the connecting 
rod. The pin (Figs. 2-11 and 2-12) is either solid or hollow and is made of high 
tensile strength steel. The piston pin may be bolted or clamped to the connecting 
rod, bolted or pinned to the piston, or held in the piston by retaining rings. The 
piston pin moves in bronze bushings or needle bearings that are installed in the 
piston or the connecting rod or both. Where aluminum connecting rods and 
pistons are used, no bearing or bushing is required. The aluminum serves as the 


bearing material. 


2l VALVES ШЫНЫ БЕН БЫ ии ——————— Ss 


A valve (Figs. 2-18 and 2-19) is a device for regulating the flow of intake and 
exhaust gases to and from the combustion chamber of a four-cycle engine cylinder. 
A valve is made of special steel that can withstand the corrosive action of very 
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high temperature exhaust gases. Some valves are of special alloy and are hollow 
and filled with metallic sodium that melts and helps to conduct heat away from 
the valve stem into the cylinder block. The valves have to seal well enough and 
have to be able to withstand pressures of 500 pounds per square inch, and under 
full load, temperatures between 1200? and 4500°F. 


HEAD MARGIN 


Fic. 2-18. A valve regulates the flow of intake and exhaust gases to and from the combustion 
chamber of a four-cycle engine. 
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Fic. 2-19. The valve is opened and closed by means of a cam that rotates on the camshaft. 


The intake valve is cooled somewhat by the incoming air-fuel mixture, but 
because of its location, the exhaust valve operates at red heat and is difficult to 
cool. The cylinder head, the cylinder, and the top of the piston are exposed to 
the same heat as the exhaust valve, but these parts are cooled by air from the 
flywheel, fan, and oil from the crankcase. 

If the valves do not operate at the correct time, maximum power cannot be 
developed. If the valves do not seal completely, there is loss of compression re- 
sulting in a decrease of engine efficiency. 

The intake and the exhaust valve operate separately during one portion of 
four actions of a complete cycle of operation. The valve is opened and closed by 
means of a cam that rotates on a camshaft driven by the crankshaft. When the 


37 SECT. 2-12 / Connecting Rod 


cam lobe (the high point on the cam) passes against the valve lifter (Fig. 2-19), 
the lifter presses against the valve stem, overcoming the opposing force of the 
valve spring, lifting the valve face off of the valve seat. This allows the gas to 
pass into or from the combustion chamber depending upon whether the valve is 
the intake or the exhaust valve. The valve stem is held in place within the 
valve guide. The valve spring puts tension on the valve to keep it closed, or seated, 
at all times. A spring retainer and lock hold the valve and valve spring in place. 
The valve lifter rides against the cam and rises or falls as the cam lobe rotates 
against the valve lifter. The valve lifter is also known as the tappet valve. 

Each valve Gintake and exhaust) operates once per cycle, but the crankshaft 
rotates two times per cycle. Therefore, a gear arrangement of a two-to-one reduc- 
tion is required for proper timing. The camshaft, cams, and gears are discussed 
in Section 2-15. 

The valve is held in place in the valve guide by a C-shaped washer, called a 
keeper. Other types of keepers are a pin that is inserted through a hole in the 
valve stem or a two-piece collar that fits a groove. 

Valves for the four-cycle engine are physically located in four different types 
of configurations, known as the L-, I-, T-, or F-head. In the L-head configuration, 
the cylinder in the combustion chamber is in the shape of an inverted L. The 
valves in the cylinder block are on one side of the cylinder. This L-shaped ar- 
rangement is the most common in small gasoline engines. Almost all automotive 
engines and some small four-cycle engines have valve configurations in the I-head 
configuration. This is also known as the overhead valve configuration because the 
valves are located overhead in the cylinder head. This I-head configuration re- 
quires push rods and rocker arms to raise and lower the valves. Both valves Cintake 
and exhaust) open in a downward direction over the cylinder. 

Two camshafts are required for the T-head valve configuration; one camshaft 
is located on each side of the engine. The intake valve is on one side and the 
exhaust valve is on the other. Both valves open in an upward direction. In the 
F-head configuration, both valves are located on the same side of the cylinder; one 
valve opens up and one down. 


2-12. CONNECTING ROD 


The connecting rod is connected between the piston and the crank on all small 
gasoline engines. It is used in conjunction with the crank to change the recipro- 
cating motion of the piston to a rotary motion of the crankshaft. The force of 
combustion causes the piston to push the connecting rod down causing the crank 
on the crankshaft to rotate. The small end (Fig. 2-20) on the connecting rod 
moves up and down with the piston; the big end swings in a circle along with the 
crank. 

The connecting rod is made of forged steel or aluminum, usually aluminum 
for the smaller engines and steel for the larger engines. The connecting rod is 
shaped like an I-beam. The lower end, called the big end, is fit with a rod bearing 
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Fic. 2-20. The connecting rod connects between the piston and the crank. It changes the recipro- 
cating motion of the piston to a rotating motion of the crankshaft. 


cap that is bolted to the connecting rod. Many connecting rods have replaceable 
bearings in the small and big ends. The small end of the connecting rod is at- 
tached to the piston with thc piston pin (Section 2-10). The large end is attached 
to the crankpin of the crankshaft. The rod bearing cap holds the connecting rod 
to the crank, 


2-13. CRANK AND CRANKSHAFT 


The crank is used in conjunction with the connecting rod to change the recipro- 
cating motion of the piston to a rotating motion of the crankshaft. The crankshaft 
CFig. 2-21) turns a pulley, blade, etc. to aid man in performing work more easily, 
and with less fatigue. The crank is an offset section on the crankshaft; when 
connected to the connecting rod, it cranks the crankshaft around and around. 
The crankshaft sits in bcarings (Section 2-16) so that it rotates with little friction. 
Counterweights on the crankshaft balance the weight of the crankpin and con- 
necting rod reducing enginc vibration; they also reduce the tendency of the 
crankshaft to go out of round when it is rotating. 

The crankshaft is forged and machined steel. One end of the crankshaft is 
machined to a taper for the flywheel; the other end has the power takeoff. The 
counterweights may be cast into the crankshaft or bolted onto it. Gears to drive 
the camshaft may be machined as part of the crankshaft or may be locked on by 
a nut. The main bearing journals are supported in the crankshaft main bearings 
that may be attached to the crankshaft or to the crankcase. 
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2-14. FLYWHEEL 


Fic. 2-22. 
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The power stroke occurs one out of two strokes in the operation of the two-stroke 
cycle engine and one out of four strokes in the operation of the four-stroke cycle 
engine. Therefore there is a need for a method of continuing uniform crankshaft 
rotation during all engine actions. The flywheel (Fig. 2-22) continues the crank- 
shaft rotation; once the flywheel is set in motion by the power stroke, its mass 
causes the rotation of the crankshaft to continue. The momentum of the weight 
of the flywheel causes the crankshaft, piston, and the other moving parts to con- 
tinue through the engine cycle to the next power stroke. The engine also has a 
tendency to speed up during the power stroke portion of the cycle, but the power 
has to overcome the weight of the flywheel and, hence, the speed of the engine 
does not appreciably increase. The above are examples of the property of inertia— 
the property that once something is set in motion, it tends to remain in motion. 


The flywheel is heavy; once set into motion by the power stroke, it causes the crankshaft 
to continue to rotate until the next power stroke. 


The flywhccl is mounted on the tapcred cnd of the crankshaft and rotates with 
it. A key keeps thc flywheel and crankshaft aligned during rotation and a nut holds 
the flywhecl on. The flywheel may carry magnets in it for use in a magneto 
ignition system as described in Chapter 5. The flywheel may also be part of an 
air cooling system (Section 2-18). Air vanes, or blades, are cast into the flywheel 
to scoop air as the flywheel rotatcs. The air is directed to carry away engine heat. 
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The flywheel may be covered by a shroud that directs the flow of air from the 
flywheel to the cylinder block and cylinder head. 


2-15. CAMSHAFT 


The camshaft (Fig. 2-23) with its associated parts controls the operation of the 
intake and exhaust valves of a four-cycle engine. The valve lifters (tappets) ride 
on the teardrop shaped cams. The lifters push against the valve stems and operate 
against the compression of the valve springs to unseat or open the valves. The 
camshaft can also have an eccentric on it to operate an oil pump. The camshaft 
is driven by the crankshaft, but must operate at one-half the speed of the crank- 
shaft. As you will recall, the crankshaft of the fourcycle engine rotates two times 
for a complete cycle of operation, but each valve opens only once during each 
complete cycle. Therefore a two-to-one gearing arrangement is required so that 
the camshaft operates at exactly one-half the speed of the crankshaft. The synchro- 
nized time is critical and there are timing marks located on the gears that are 
set during assembly. 


CAM GEAR (MATES WITH CRANKSHAFT GEAR) 


CAMS 


Fic. 2-23. The camshaft with its associated cams operates the intake and exhaust valves of a 
four-cycle engine. The camshaft is driven by a gear on the crankshaft. 


Cranking of an engine is not always easy because of the compression within 
the engine. At least one manufacturer has devised a method of attaching fly- 
weights onto the camshaft drive gear to try to overcome this compression that 
causes difficulty in starting the engine. When the engine is not running, the 
flyweights are close to the driving mechanism, and through other parts prevent 
the exhaust valve from closing completely. When the engine has started, centrifugal 
force causes the flyweights to be thrown outward, resulting in complete closure 
of the exhaust valve. The slight opening of the exhaust valve when the engine 
is not running reduces the effort required to start the engine because the com- 
pression is decreased somewhat. 
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2-16. BEARINGS, BUSHINGS AND JOURNALS 


A journal is a rotating machine part (as part of the crankshaft) supported in a 
bearing. Journals are cylinders that are accurately machined to resist deformation 
and to prevent excessive pressure in the bearings; the journal is the part of a 
rotating shaft, axle, roller, or spindle that turns in a bearing. A bearing is a support 
for a revolving shaft or axle. It must be rigid and self-aligning and be designed 
to take up most of the wear and be replaceable. A bushing is a special type of 
bearing called a sleeve bearing. Bearings, bushings, and journals are used to reduce 
friction between moving parts. A lubricating oil is also used to reduce friction 
CChapter 8). 

There are three types of bearings: sleeve bearing, ball bearing, and roller 
bearing. Sleeve bearings are also referred to as sliding bearings. Ball and roller bear- 
ings are referred to as rolling bearings. Sleeve bearings are less expensive than 
rolling bearings and are satisfactory for small gasoline engines; however, rolling 
bearings are sometimes used. Several types of bearings are shown in Figure 2-24. 
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Fic. 2-24. Bearings and bushings are used in machines to reduce friction between moving parts. 
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Sleeve bearings, also called bushings, are solid or split. A sleeve bearing fits 
like a sleeve around a rotating journal or shaft. Split bearings are used where 
the bearing has to be split to enable assembly. An example of this is on the big 
rod end of the connecting rod where it attaches to the crank. A sleeve bearing is 
layered like plywood. The outside layer is steel or bronze. Then there is a center 
layer of bearing alloy followed by a thin layer of a soft bearing alloy such as 
copper, lead, or tin, on the inside. The thin layer is designed to conform to 
slight irregularities of the rotating shaft. If wear occurs, it is the bearing that 
wears out, and the bearing is inexpensive to replace as compared to replacing a 
shaft or other part. 

In a ball bearing, round balls provide a spot contact with moving surfaces. 
Therefore there is less friction than in sleeve bearings. The balls are placed in a 
grooved spacer between what are known as the inner and outer races. Some ball 
bearings are permanently sealed with lubricant and hence require no lubrication. 
Roller bearings provide line contact rather than spot contact as provided by ball 
bearings. The roller bearings are also placed between inner and outer races. 

Bearings are slightly larger than the mating journals to allow for heat expansion 
of the journal and to provide space between the moving surfaces for lubricating 
oil. Several points in the small gasoline engine have been mentioned where 
bearings, bushings, and journals are used: at the connection of the connecting 
rod and piston, at the connecting rod and the crank, and to support the crankshaft 
in the crankcase. (Most small engines just use the aluminum of the connecting 
rod and the steel of the crankshaft as the bearing surfaces.) 

The simplest bearing is a machined opening in an aluminum crankcase or 
end plate. The crankshaft journal rotates in it. In cast iron crankcases, the main 
bearings are bushings that are pressed into the crankcase openings. An oil seal 
is installed outside of each main bearing to prevent loss of lubricating oil from 
the crankcase. The seals also make the crankcase air tight. 


PSU p -—-—-—————C—————————— — —— 


A muffler (Fig. 2-25) is a mechanical device consisting of a hollow cylinder at- 
tached to the exhaust port of two- and four-cycle engines. The noise of the exhaust 
gases passing through the muffler is partially deadened Сто еа). Mufflers come 
in a variety of sizes and shapes. The muffler is placed against a gasket and is held 
in place on the engine by cap screws, a threaded fitting, or similar manner. 'ТЪе 
muffler is located toward the center of the cylinder on two-cycle engines near 
the cylinder exhaust port; on fourcycle engines, the muffler is located toward 
the top of the cylinder head at the exhaust valve. 

The muffler on the exhaust system of a two-cycle engine does more than 
muffle the sound and direct exhaust gases away from the engine. The muffler 
helps scavenge or clean all exhaust gases from the combustion chamber and it 
helps to get a new air-fuel charge into the combustion chamber more rapidly for 
cleaner and more complete combustion. Mufflers that are designed for two-cycle 
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Fic. 2-25. The muffler deadens the noise of the exhaust. Mufflers come in a wide variety of designs, 
sizes, and shapes. 


engines are made with a megaphone-like device. The muffler first amplifies sound 
to speed up the scavenging of gases and then silences the sound by means of 
baffles. 
A dirty muffler can cause loss of power because it slows the discharge of 
exhaust gases from the combustion chamber. When the gases are forced to remain 
а in the chamber, they occupy room which should be taken up by a fresh charge. 
Without a full fresh charge, full development of power is impossible. 


2-18. COOLING SYSTEMS 


As you can imagine, combustion temperatures are extremely high—to 6,000? 
Fahrenheit. This heat and the heat caused by the friction of moving parts must 
be dissipated. If the heat is not dissipated, the oil film will burn and fail resulting 
in no lubrication and eventual engine failure. The piston, piston rings, and the 
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cylinder wall wear very rapidly without lubrication. Friction caused by dry metals 
rubbing over each other increases heat and causes rapid wear. Finally preignition, 
that is, ignition before the correct firing time would occur because of the high 
heat. Preignition can cause holes to be knocked in the piston, and other damage 
can also result. 

There are two methods of cooling the small engine—air and water. There are 
several advantages to an air-cooled engine; there is no need for a complicated 
cooling system, the engine is lighter, the engine occupies less space, and the 
engine that is air-cooled is easy to repair. The air-cooled engine temperature varies 
greatly with changes in air temperature, load, and the speed of operation. A water- 
cooled engine is quite constant in maintaining operating temperature. 

In the air-cooling system, part of the heat is exited by the exhaust. The cylinder 
head and block have air-cooling fins machined into them to dissipate the heat 
as the air circulates past them. The air-cooling fins increase the area of metal 
thereby permitting rapid dissipation of heat by radiation. Many air-cooled engines 
also have shrouds and an air fan which forces air over and around the fins. A 
shroud is a shaped metal device used to direct air flow to the fins. The air fan 
consists of the air vanes (blades) of the flywheel (Section 2-14). 

In a water-cooled engine, water is circulated in jackets, or pockets, that sur- 
round the cylinder walls and cylinder head. The water carries the heat away from 
the engine to a radiator. The radiator dissipates the heat by the air that circulates 
past the radiator. A water pump, driven by a belt, keeps the water in circulation. 
The water pump consists of an impeller on a shaft; the impeller throws the water 
by centrifugal force. In addition to the water pump and the radiator, two other 
parts in a water-cooling system are a thermostat and a radiator-pressure cap. 

A radiator consists of a top and a bottom tank with a series of tubes running 
between the tanks. Fins surround the tube to aid in dissipating the heat. Air flows 
around the fins and cools the water. In operation, water is drawn from the bottom 
tank of the radiator through the water pump, through the engine, and to the 
top tank of the radiator. The water then flows through the tubes to the bottom 
tank and is air cooled along the way. In outboard motors, no radiator is required. 
Water is drawn in through an inlet in the lower portion of the motor casing. It 
is then passed through a water pump, through the cylinder block and cylinder 
head jackets and is then exited from the engine. A thermostat is used to control flow 
and hence operating temperature. 

It is initially desirable for an engine to warm up to operating temperature as 
rapidly as possible; thus, for a time, water circulation is prevented by use of a 
thermostat. The thermostat is installed between the engine and the top radiator 
tank. When the engine is cold, the thermostat is closed and prevents the flow of 
water. When the engine and water temperature rise to the operating temperature 
(as determined by the thermostat), the thermostat opens and water flows through 
the system to cool the engine. The thermostat regulates the amount of flow by 
change in water temperature and, hence, tends to keep the engine at the proper 
operating temperature. 

A radiator pressure cap is used to raise the pressure in a water-cooling system 
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so that the boiling point of the liquid is raised. With pressure, the temperature 
can go to 250?F without boiling. The radiator cap contains two spring loaded 
valves. The first is a. blowoff valve that opens when the pressure gets too high 
and allows excessive pressure to escape. The second spring loaded valve is the 
vacuum valve that operates when the engine cools off. This valve allows air into 
the system to rid the system of a partial vacuum formed when the steam con- 
denses as the engine cools. 

Sometimes a temperature indicator is placed on the engine to indicate that 
an engine has reached an abnormally high temperature and something is wrong 
and must be corrected. The temperature indicator is connected by wires to a 
transducer that operates on heat and sends an electrical signal to a lamp. Damage 
can occur to the engine if the engine overheats. 

Outboard engines are water-cooled (Fig. 2-26). A thermostat opens and closes 
to allow fresh water to flow throughout the cooling system to maintain the engine 
temperature within a range of temperatures. By maintaining the engine within 
the range, the motor life and efficiency are increased. 


CYLINDER ASSEMBLY 


BY-PASS THERMOSTATIC 


VALVE ASSY.- 
EXHAUST OPENS AT 
COOLING 145 F. 
CHAMBER 
: | А >~ CYLINDER 
HEAD 


WATER OUTLET 


UNDER WATER 
EXHAUST 


COLD WATER 
---- THERMOSTAT CONTROL INTAKE 
FLOW THROUGH CYLINDER 


Fic. 2-26. A thermostat controls the flow of fresh water through a water-cooled outboard engine. 
This keeps the engine’s operating temperature within a specified range. 


The outboard engine thermostat housing is a part of the cylinder head. When 
a cold engine is started, the thermostat is closed and prevents the water pump 
from circulating water in the cooling system. Limited circulation is permitted by 
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a bleed hole in the thermostat valve which also permits discharge of air from 
the cooling system. 

When the power head and the cooling system temperature reach a certain 
temperature (approximately 145°F), the thermostat valve opens allowing heated 
water to pass through the water discharge and fresh water to be drawn through 
the intake. The thermostat opens and closes permitting fresh water to circulate 
as necessary to keep the engine temperature within the desired range. (Refer 


to Fig. H-6 in Appendix Н). 
CYLINDER BLOCK GROUP 


REF. ӨТҮ. PART 
NO. USED DESCRIPTION 


1 1 Block Assembly, Cylinder 
(Includes Parts Marked * ) 
l * Plug, Camshaft Expansion 


* Intake 
1 * Exhaust 
2 * Washer, Crankshaft Bearing 
Thrust 
! * Gasket, Bearing Plate 
1 * Plate, Rear Bearing (Excludes 
Bearing) 
2 * Bearing, Camshaft Front and 
Rear (Precision) 
4 * Pin, Main Bearing Stop 
INSERT, EXHAUST VALVE SEAT (STELLITE) 
! * Standard 
1 .002 ” Oversize 
1 .00S “Oversize 
1 1010 ” Oversize 
1 .02S “ Oversize 
BEARING, CRANKSHAFT - FRONT OR REAR 
* Standard 
.002 ^"Undersize 
.010 ^"Undersize 
.020 ""Undersize 
.030 "Undersize 
Pin, Gear Cover Locating 
Filter, Valve Compartment 
Cover, Valve Compartment 
Gasket, Valve Compartment 
Baffle, Valve Compartment 
Gasket, Cylinder Head 
Head, Cylinder 
Seal, Bearing Plate 
Valve, Breather 
Washer (Copper), Valve 
Compartment Cover 
Stud, Valve Box Cover 
Cap and Indicator, Oil Fill 
Gasket, Oil Fill Cap 
Rotocap, Valve Exhaust 
Washer, Valve Spring 
Retainer - Intake 


* 


-——————HMB—-—HHHMNHMNNNM 


TAPPET, VALVE 
2 Standard 
2 .005 “’ Oversize 
4 
2 


Lock, Valve and Springs 
Retainer 
Spring, Valve 


28 
29 VALVE 


1 Intake 

1 Exhaust (Stellite) 
30 SCREW, HEX HEAD САР 

4 Cylinder Head 


(3/8-l6 x 1-174 ^^) 
4 Cylinder Head 
(3/8-16 x 1-3/4 ^) 
2 Cylinder Head (3/8-16 x 2 ^^) 
S Bearing Plate (3/8-16 x | /^) 
31 $0 Washer, Flat - Cylinder Head 
32 As Req. Shim, Crankshaft Thrust (.005 ^^) 


Fic. 2-27. How many parts of the cylinder, crankshaft, flywheel, camshaft, and piston groups can 
you identify without looking at the key? 
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CRANKSHAFT,FLYWHEEL,CAMSHAFT 
AND PISTON GROUP 


REF. ӨТҮ. РАВТ ВЕР: QTY. PART 
NO. USED DESCRIPTIDN ND. USED DESCRIPTIDN 
! [] Screw, Flywhee! Moun ting 14 PIN, PISTON 
2 l Washer, Wheel Mounting ! Standard 
3 l Sheave, Starter Rope | 002 “ Oversize 
4 ! Flywheel, Key | 15 2 Ring, Piston Pin Retaining 
S l Flywheel, Key 2 (Includes 16 RING SET, PISTON 
Ring Gear) 1 Standard 
6 KEY, WOOORUFF 1 .010 „Oversize 
| Flywheel Mounting ! .020 „Oversize 
| Crankshaft Gear Mounting 1 .030 ,,Qversize 
| Camshaft Gear Mounting 1 ‚040 “Oversize 
7 1 Crankshaft 17 2 Lock, Connecting Rod Screw 
8 l Lock, Crankshaft Gear Washer 18 2 Screw, Hex - Connecting Rod 
9 | Washer, Crankshaft Gear Cap 
Retaining 19 | Ring, Camshaft Center Pin 
10 l Rope, Manual Starting 20 | Cup, Governor 
M і Gear, Ring - Key 2 21 5 Ball, Fly - Governor 
12 ROO, CONNECTING (INCLUOES BOLTS) 22 | Gear Set, Timing (Includes | each 
1 Standard Crankshaft & Camshaft Gears) 
| .010 "Undersize 23 i} Washer, Camshaft Gear Thrust 
І .020 ""Undersize 24 | Camshaft (Includes Center Pin 
1 .030 ^ Undersize Assy. & Compression Release) 
13 PISTON & PIN (INCLUOES RETAINING RINGS) 28 | Pin Assembly, Center - Governor 
| Standard 26 1 Weight, Compression Release 
| ‚010 ” Oversize 27 | Pin, Compression Release Weight 
П .020 “Oversize 28 1 Oeflector, Crankshaft Oil 
| .030 “Oversize 29 П Screw, Deflector Mounting 
| 


‚040 “Oversize 


Fic. 2-27. (Continued). 


2-19. SUMMARY OF ENGINE OPERATION 


Two-stroke cycle engine and four-stroke cycle engine operations have been de- 
scribed. All of the major parts that make up two- and four-stroke engines have 
also been described. If you have any difficulty in recalling the complete operation 
of the two-stroke cycle engine or the four-stroke cycle engine, you should reread 
and study scctions 2-1 and 2-2 in detail. Figure 2-27 illustrates the cylinder, 
crankshaft, flywheel, camshaft, and piston groups of a single cylinder, four-cycle 
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engine of 30 cubic inch displacement and 12 horsepower. How many parts can 
you visually identify? What are their functions? 


2-20. ENGINE MAINTENANCE 


When the technician's troubleshooting analysis has indicated a problem within 
the engine proper, it becomes necessary to disassemble the engine. As each part 
is removed, it should be cleaned in a solvent and then inspected for wear, pitting, 
cracks, scoring, and wear. Some parts are measured with a micrometer and com- 
pared to the manufacturer's specifications to determine worn and/or out of round 
conditions. 

Inspection and measurement can indicate the replacement of several major 
parts of the engine including the piston, piston rings, connecting rod, bearings, 
valves, camshaft, and the need to rehone the cylinder walls. Rehoning and re- 
placement of these parts may cost more than the price of a new engine—and 
your customer must be so advised. Some manufacturers provide a solution by 
selling a short block engine. This engine contains the parts mentioned and is 
less expensive than a complete overhaul or a new engine. The short block engine 
does not include the add on parts such as a magneto, carburetor, or ignition 
system. 

When disassembling an engine, remove all gaskets and discard them. Remove 
traces of sealer and gasket material with lacquer thinner—always replace the 
gaskets with new ones. Reassemble the engine according to the manufacturer's 
directions and torque all fasteners as specified. 

After an engine is reassembled, fill the fuel tank with clean fuel and the crank- 
case of four-cycle engines with new oil. Start the engine and run it at a moderate 
speed and without load for an engine break-in period of one hour. Check for oil 
leaks and strange noises; if noticed, stop the engine and correct the situation 
immediately. Do not apply a full load to the engine until after 5 hours of oper- 
ating time. (Refer to Chapter 3 for starting, operating, shutoff, fuel mixture, and 
four-cycle engine lubrication.) 

Repair and replacement of one engine part often necessitates disassembly of 
several engine (and sometimes removal of nonengine parts) parts. For example, 
repair or replacement of the piston, piston rings, piston (wrist) pin, or connecting 
rod requires the removal of all of these for repair; the cylinder head and crankcase 
base or cover must also be removed. Be sure to drain the oil from four-cycle en- 
gines before beginning disassembly. As each part is removed, clean it in a solvent 
and then inspect it for cracks, roughness, and breaks. 

The following sections describe the procedures of removal, inspection, measure- 
ment for in or out of tolerance and out of round conditions, and reassembly. The 
sections are sequenced in approximate disassembly order. All of the sections are as 
detailed as possible considering that they must apply to many models and types of 
engines. Always use the manufacturer's procedures as the specific guide. 
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-21. CYLINDER HEAD MAINTENANCE 


The cylinder head bolts to the top of the cylinder and forms part of the com- 
bustion chamber. The outside is cleaned during periodic maintenance cleaning 
procedures (Section 3-8); the inside is cleaned of carbon deposits whenever the 
head is removed. The cylinder head is removed whenever there is need to inspect 
or repair the piston, piston rings, valves, piston pin, or connecting rod. 

Proceed as follows to remove, clean, inspect, and reinstall the cylinder head: 


l. Use a wrench to remove the cylinder head bolts. Some bolts may be 
longer than others; tag them so that the bolts are returned to the proper 
locations. 

2. ‘Try to remove the head by hand. If you cannot, pry with a screwdriver 
moving slowly with a prying action around and around the head. 

3. Peel off the gasket material from the head and cylinder block. Remove 
traces of gasket and sealer with lacquer thinner. Do not scratch the 
metal surfaces with a tool. 

4. Remove the carbon off the head using a wire brush in a portable drill 
or a drill press (Fig. 2-28). Clean the head in a solvent and inspect 
the head for cracks. 

5. When ready to reinstall the cylinder head, insert a new gasket between 
the head and the cylinder block; do not use shellac or another sealer. 

6. Install the cylinder head bolts in the correct holes and tighten them 
hand tight. Apply graphite grease to the threads of bolts inserted into 
aluminum cylinders. Then tighten each bolt with a torque wrench in 


Fic. 2-28. A small wire brush is used in a drill press or a portable drill to remove carbon from 
the cylinder head. Do not scratch the surface where the head meets the gasket and 
cylinder block. Traces of the old gasket are removed with lacquer thinner and a clean 


cloth. 
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the sequence recommended by the manufacturer (Fig. 2-29 illustrates the 
sequence recommended by one manufacturer). ‘Tighten each bolt a little; 
then tighten in sequence to the torque value recommended by the 
manufacturer. 


Fic. 2-29. The cylinder head bolts are torqued in a specific sequence to a specific torque value to 
prevent distorting the head. Refer to the manufacturer’s instructions. 


QUICK REFERENCE CHART 2-1 
CYLINDER HEAD MAINTENANCE 


Remove cylinder head bolts noting their length and location. 
Remove head. 


Remove gasket. 


Bo юз 


Remove carbon from head and traces of gasket material from head 
Ni cylinder block. Clean in solvent. 
5. Insert new gasket. 


6. Reinstall head and bolts. Torque cylinder head bolts in correct se- 
quence to value specified. 


222. CONNECTING ROD MAINTENANCE 


The connecting rod can wear at the bearing where the little end attaches to the 
piston pin or where the big end attaches to the crankpin of the crankshaft. Some 
engine connecting rods have bearings at both ends, at one end only, or no bear- 
ings at all—the aluminum of the rod is used as a bushing. Some bearings are 
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replaceable; on others, the complete rod has to be replaced. If other parts seize in 
the engine, the connecting rod may be bent or broken. Inspect, remove, check 
tolerances, and reinstall the connecting rod as follows: 


1: 


10. 


Remove the cylinder head (Section 2-21) and the crankcase base plate 
and end plate. 

Inspect the connecting rod for breaks, bends, and cracks. If any of these 
conditions exist, the connecting rod must be replaced. 

Remove the connecting rod from the crankpin by removing the bolts 
and the rod bearing cap. Note the position of the cap; it must be rein- 
stalled in the same configuration. 

Inspect the rod big end and discard it if it is scored or discolored. If the 
crankpin is scored, out of tolerance, or out of round, it must be replaced 
(Section 2-27). 

Check that the rod to crankpin distance is within the recommended toler- 
ance. This is done by one of three methods: use of shim stock, use of 
Plastigage, or use of an inside hole gauge and micrometer. In using 
shims, insert a 0.002 inch shim between the bearing and the crankpin. 
Install the rod bearing cap and bolts and torque to the value specified by 
the manufacturer. If the rod does not tighten against the crankpin, then 
the clearance is greater than 0.002 inch; add another shim and continue 
until the tolerance is established. If Plastigage is used instead of shims, 
insert it in the same manner as the first 0.002 inch shim. Torque the 
rod bearing cap bolts to the required torque; then remove the bolts and 
cap and measure the thickness of the Plastigage to determine the toler- 
ance. When using the hole gauge and micrometer, remove the rod from 
the crankpin. Reinstall the cap by aligning it properly and torquing it 
to the specified requirement. Take measurements from both sides of the 
rod bearing and 90 degrees to these points to determine out of round- 
ness or a taper. If any of the three methods described for measuring 
the tolerance between the connecting rod bearing and the crankpin 
indicate an out of tolerance or out of round condition, replace the part(s). 


In similar manner to Step 5, check the tolerance between the connecting 
rod bearing and the piston pin (Section 2-23 describes removal of the 
piston and piston pin). Oversize piston pins are sometimes available. 
If roller bearings are replaced, make sure that all are out of the crank- 
case, Pry out old bearing inserts. Place in new bearing inserts, making 
certain that the locking tabs arc positioned properly. Seat the inserts. 
To install needle bearings, lay the strip of bearings along your forefinger. 
Remove the backing from the bearings. Lay the bearings around the 
crankpin—the grease will hold the bearings in place. 

Oil the bearing surfaces. 


Mate the connecting rod with the crankpin. Replace the rod bearing 
cap aligning the locating marks between the rod and the cap. Position 
the oil slinger or dipper. 
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11. Install and torque the bolts to the specified value. A slight amount of drag 
should be felt as the crankshaft is turned. There should also be a slight 


amount of end play. 


QUICK REFERENCE CHART 2-2 
CONNECTING ROD MAINTENANCE 


Remove cylinder head and crankcase base plate and end plate. 
Inspect connecting rod. 

Remove connecting rod from crankpin. 

Inspect the rod big end, bearing, and crankpin. Check tolerance. 
Remove rod little end from piston pin. 

Inspect thc little end, bearing, and piston pin. Check tolerance. 
Replace bearings and other parts, as required. 


Oil the bearing surfaces and reassemble. 


SO Ee mu dem UA grs ML рЫ dem 


Torque the rod bearing cap bolts to the specified torque. 


2-23. PISTON, PISTON RING, AND PISTON PIN MAINTENANCE. — 


The piston is inspected for cracks, holes, scoring, excessive wear, damaged ring 
grooves and lands, and out of tolerance conditions; if any of these conditions are 
found, the piston is replaced. If the cylinder (Section 2-24) is to be refinished, the 
piston is replaced with an oversize piston. Procced as follows to perform piston in- 
spection, cleaning, and tolerance checks: 


1. Remove the cylinder head (Section 2-21), crankcase base and/or end 
plate, and the connecting rod big end from the crankpin. Push the 
piston through the cylindcr. 

2. Using a piston ring expander, remove the piston rings (Fig. 2-30); note 
the top and bottom of each ring and which ring came from each groove. 

3. 'The next step is to remove the piston pin from the piston. First remove 
the retainer ring(s) by prying it out with an old screwdriver CFig. 2-31) 
or by pulling it out with needlenose pliers. The piston pin is then driven 
out being careful not to distort the pin or the piston CFig. 2-32). Some 
manufacturers recommend heating both sides of the piston with a pro- 
pane torch to expand the piston metal. Then push the piston out. 
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PISTON RING REMOVAL 


USE PISTON RING SPREADER 
PREVENTS RING BREAKAGE 
EASIER REMOVAL AND REINSTALLATION 


Fic. 2-30. A piston pin expander removes piston rings without breakage of the rings. Inexpensive 
expanders are available from a number of manufacturers. 


AM 


\ f | Á. 


Fic. 2-31. The piston pin retainer rings are either pried out or are pulled out with needlenose pliers. 
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Fic. 2-32. The piston pin is driven from the piston. Use care not to damage the piston or pin. 


4. Clean the carbon from the piston ring grooves. A special tool can be 
used or a broken ring can be filed flat (Fig. 2-33) and used to clean the 


grooves. Clean the piston in solvent. 


PISTON GROOVE CLEANING 


Т а ORTIS 


DO NOT REMOVE METAL FROM GROOVES 
DO NOT USE CAUSTIC SOLVENT 
DO NOT USE WIRE BRUSH OR BUFFER 


Fic. 2-33. Piston ring grooves can be cleaned with a special tool or a broken ring with an end 


filed flat. 
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5. Using a micrometer, measure the skirt diameter at a point 90 degrees 
from the piston pin bore (Fig. 2-34) at the lands, and down on the 
skirt. Compare the measurements with the manufacturers’ specifications. 


Fic. 2-34. Measure the piston at the locations recommended by the manufacturer. 


6. Clean the rings in solvent, inspect for cracks, scoring, and roughness, 
and then check the fit of the rings in the cylinder as follows. Check the 
gap between the ends first; the gap is for expansion of the ring because 
of the heat. If the gap is too little, scoring occurs; if the gap is too large, 
there is leakage with loss of compression and oil consumption. To check 
the gap, place the piston ring midway down into the cylinder; use the 
piston to push the ring down. Check the end gap with a feeler gauge 
(Fig. 2-35) for proper gap as recommended by the manufacturer. If the 


J 
ek 


POSITION RING HALFWAY IN CYLINDER 


| CAUTION | DO NOT SCRATCH CYLINDER 
WALL 


Fic. 2-35. ‘This cutaway drawing shows the proper method of checking the end gap of a piston 
ring. The piston ring is halfway down the cylinder. 
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gap is too wide, replace the ring; if the gap is too narrow, the gap can be 
filed slightly and then rechecked. 

Inspect the cylinder for scoring, pitting, and cracks. Repair or replace as 
required. Refer to Section 2-24, 

After the gap is checked, measure the piston ring side clearance—the 
space between the ring and the groove. Hold the ring as shown in Figure 
2-36 and measure the clearance. If the space is wider than allowed by 
the manufacturer's specification, replace the ring. 


Fic. 2-36. Check the space between the ring and the groove with a feeler gauge. 


©), 


10, 


11. 


Measure the diameter of the piston pin and the inside diameter of the 
piston pin bushing with a micrometer. If within the specification limit, 
the pin may be reused; if it is not, replace the pin with an oversize pin. 
Replacement with an oversize pin will also necessitate reboring the con- 
necting rod bushing. New bushings may also be purchased. 

Replace the piston pin, connecting rod, bearing, and retainer ring(s), 
as applicable, in the piston. Drive the pin in with the special tool or 
heat the piston with a propane torch and then insert the pin. Wear heavy 
fire resistant gloves. 

Using a piston ring expander, reinstall the rings onto the piston grooves. 
Be sure to install the correct ring in each groove and be sure that the 
top of the ring is toward the top of the piston. Handle the rings care- 
fully—they break easily. Stagger the ring gaps around the piston to 
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minimize compression leakage. If there are two rings, place the gaps 
180 degrees apart; three rings, 120 degrees apart. 

Oil the piston rings, piston, crankpin, and cylinder wall. 

Carefully place a ring compressor (Fig. 2-37) over the piston and piston 
rings. Tighten the compressor and then insert the piston into the cylinder. 
Lower the piston skirt until the piston ring compressor rests on the 
cylinder. Use a hammer handle or other wood rod to drive the piston 
from the ring compressor into the cylinder. 


Fic, 2-37. A ring compressor is used to reinstall the piston into the cylinder. 


14. 


Mate the connecting rod (Section 2-22) to the crankpin. Replace the 
rod bearing cap onto the connecting rod; match the assembly marks. Re- 
place the oil dipper or slinger and bolts. Torque the bolts to the value 
specified by the manufacturer, 
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QUICK REFERENCE CHART 2-3 


PISTON, PISTON RING, AND PISTON PIN MAINTENANCE 


[e 
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Remove cylinder head, crankcase base and/or end plate, and the 
connecting rod from the crankpin. 


Remove piston rings. 
Remove piston pin. 
Clean carbon from piston ring grooves. 
Measure piston diameter. 
Measure ring end gap. 
Inspect cylinder (Section 2-24). 
Measure piston ring side clearance. 
Measure piston pin Cwrist pin) diameter and inside diameter of the 
piston pin bushing. 
Replace piston pin, connecting rod, bearings, and retainer ring(s). 
Reinstall piston rings into piston grooves. 
Oil piston rings, piston, crankpin, and cylinder wall. 
Using ring compressor, install piston into cylinder. 


Attach connecting rod to crankpin. 


2224. CYLINDER MAINTENANCE 


After the piston is removed, the cylinder is inspected for cracks, scoring, stripped 
bolt hole threads, and broken cooling fins. If sufficient cooling fins are broken off to 
prevent adequate air cooling, or if the cylinder is cracked, it must be replaced. 
Scored walls can be rehoned and stripped bolt hole threads can be corrected. The 
cylinder bore is also checked for proper dimension and out of round. Proceed as 


follows: 


[р 


Remove the cylinder head base plate, end plate, piston, and connecting 
rod (Sections 2-21, 2-22, 2-23). Inspect the cylinder for cracks, scoring, 
stripped threads, and broken cooling fins. Replace the cylinder, if required. 
Measure the cylinder bore with an inside micrometer (Fig. 2-38) or with 
a telescopic gauge and outside micrometer (Fig. 2-40). Measure the bore 
at two points 90 degrees apart; check the measurements against the manu- 
facturer's specifications. If the cylinder is oversized, scored, or out of 
round, rebore by honing. A rehoned bore requires an oversized piston. 
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MEASURE 
BORE AT 
TWO POINTS 
90° APART 
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Fic. 2-39. A telescopic gauge and an outside micrometer can also be used to measure cylinder bore. 
Measure at least at two points 90 degrees apart. 


61 SECT. 2224 / Cylinder Maintenance 


Pistons are available from some manufacturers in sizes that are oversize 


by 0.010, 0.020, and 0.030 inch. 


3. Cylinders are honed with a special honing tool (Fig. 2-40) held and 
turned by a drill press. Place and fix the cylinder block in place on the 
drill press stand. ‘he honing tool is rotated at about 450 to 600 rev/min. 
Use a set of coarse stones first and hone to within 0.002 inch of the de- 
sired size before changing to a fine set of honing stones for the final hon- 
ing. Follow the honing tool manufacturers directions and the engine 
manufacturer’s directions. It is desirable to have a crosshatched finish on 
the cylinder walls as shown in Figure 2-40 when the honing is completed. 
To accomplish this, the hone must be moved up and down at the correct 
speed as the hone rotates at the correct speed. 
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CROSS HATCH 
AFTER HONING 


Fic. 2-40. Cylinder walls are honed to enlarge the cylinder; this is desirable if the cylinder bore 
is too small, is out of round, or if the cylinder walls are scored. 


4. After honing, clean the cylinder with soap and water to remove all grit, 
metal particles, and oil. 


5. Stripped bolt holes are repaired with Helicoils. Drill out the old threads 
and tap the hole with a Helicoil tap. Install a new Helicoil insert with the 
correct threads for mating with the original bolt(s). 


6. Check the dimensions of the cylinder. Install the oversize piston and the 
other parts to reassemble the engine. 
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QUICK REFERENCE CHART 2-4 
CYLINDER MAINTENANCE 


Remove cylinder head, base plate, end plate, piston, and connecting 
rod (Sections 2-21, 2-22, and 2-23). Inspect. 


Measure cylinder bore. 

Rehone as required. 

Clean cylinder after rehoning. 

Repair stripped bolt hole threads with Helicoils. 
Check dimensions of cylinder. 


Reinstall parts and reassemble engine. 


2-25. CAMSHAFT MAINTENANCE 


Camshaft maintenance Cfour-cycle engines only) consists of cleaning, inspection, 
and measurement of camshaft dimensions. Proceed as follows: 


|р 
2 


Remove the base plate or the end cover. 

Rotate the crankshaft until the timing punch marks on the crankshaft 
gear and the camshaft gear align (Fig. 2-41). Note the alignment; the 
camshaft cam lobes will not be in a position to press against the valve 
lifters. 


TIMING MARKS 


Fic. 2-41. When the camshaft is reassembled into the crankcase, the timing marks on the camshaft 
gear and the crankshaft gear must align. 
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Pull the camshaft out. 
Clean the camshaft with solvent; be sure to clean out any oil ports. 
Inspect the gear teeth and lobes for wear and nicks. 


Measure the camshaft dimensions with a micrometer. Compare the 
measurements with the manufacturer's specifications; replace if required. 
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If any bearings are used, check them for wear. Replace if required. 
After cleaning, inspection, and replacement, if applicable, are performed, 
reassemble the parts. Place the valve lifters into the cylinder block; en- 
sure that the proper lifter is returned to the proper position. Install the 
camshaft into the block and align the timing marks (Fig. 2-41). Ensure 
that the valve lifters are correctly positioned (Fig. 2-42). 


VALVE LIFTERS 


CAMSHAFT CAMS 


Fic. 2-42. When the crankshaft is positioned for the combustion stroke, the lobes of the camshaft 
are,off of the valve lifters and the camshaft timing mark can be aligned with the crank- 
shaft timing mark. 


9. 


10. 


Align the oil pump, governor drive gear, ignition centrifugal advance 
mechanism, and the automatic compression release, if used on the engine. 


Oil all parts. 
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CAMSHAFT MAINTENANCE 


Remove base plate or end cover. 

Rotate crankshaft until timing punch marks align. 

Pull camshaft out. 

Clean camshaft with solvent. 

Inspect gear teeth and cam lobes for wear and nicks. 

Measure camshaft dimensions and compare with specifications. 
Check any bearings for wear. 


Reassemble. Ensure that gear timing marks on camshaft gear and 
crankshaft gear are aligned. 


Align other parts. 
Oil all parts. 


A A ———— 
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The valves used to admit the air-fuel mixture into the combustion chamber and to 
let the exhaust out of the combustion chamber of four-cycle engines can develop 
several problems including sticking, cracks, pits, carbon fouling, and worn valve 
stems and guides. Valve maintenance includes maintenance of the valves, springs, 
seats, guides, and lifters. 


VALVES 


Valve maintenance consists of cleaning, inspection, measurement, and refacing. 
Proceed as follows: 


L 


Remove the cylinder head (Section 2-21) and the valve chamber access 
cover. 

Using a valve spring compressor (Fig. 2-43), lift the end of a valve spring. 
Use needlenose pliers to hold and remove the retaining pin, collar, or 
keeper. If a valve spring compressor is not available, a screwdriver can be 
used, but it is much more difficult. 


VALVE 
SPRING 


REMOVE "C" VALVE KEEPER COMPRESSOR 


Fic. 2-43. A valve spring compressor is used to remove the valve. Compress the spring and then 
remove the retainer which can be a pin, collar, or keeper. 


3: 


Remove the valve from the top of the cylinder and remove the valve spring 
from the access hole. In like manner, remove the other valve and spring. 
lag the spring that was used with the exhaust valve 
heavier spring and must be returned to the correct valve. 


it is usually a 


Clean the valves, valve ports, and guides by scraping or wire brushing 
the carbon off. Then clean them with solvent. 

Inspect each valve for bad burns, cracks, warpage, and bent stems. Mea- 
sure the stem diameter with a micrometer and compare the measurement 
with the specification. If any of the aforementioned conditions exist or if 
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the stem is worn beyond the allowed tolerance, replace the valve with a 
new one. 

If the valve has only a slightly burned or pitted face, or if a slight groove 
is worn on the face, the valve can be refaced using either a hand-operated 
or a motorized refacing tool. Follow the refacing tool and the engine manu- 
facturer’s instructions. The face is usually refaced at an angle of 45 de- 
grees. The remaining margin usually has to be greater than 1/32 inch; if 
the margin is less than 1/32 inch, the valve is replaced. 


VALVE SPRINGS 


Valve springs are checked for breaks, bends, ends that are not square, and for 
correct tension if a tension reading machine is available. Proceed as follows: 


iF 


Inspect the springs for breaks, bends, or distortion; if found, replace with 
new springs. 

Place the springs on a flat surface next to a square. If the ends are not 
square, replace the springs. 

If a spring tension reading machine is available, check the tension of the 
springs. Compare the results of the tension test with the engine manu- 
facturer's specification for the spring tension; replace as required. 


VALVE SEATS 


If the valve seats are grooved, pitted, or worn, the seats need reconditioning. The 
reconditioning can be done by hand with a valve seat reamer or with a valve seat 
resurfacer that is powered by a hand drill or a drill press. Valve seats are of two 
types: either cut directly into the cylinder block or the seat is a separate part that 
is pressed into the block. Reconditioning requires the use of special tools and the 
manufacturer’s procedure; a general guideline follows. To recondition a valve seat, 
proceed as follows: 


1. 


Use the cutter Creamer or resurfacer) to cut away all of the oxidized metal 
until new and solid metal is exposed. Be sure to apply steady pressure di- 
rectly downward (Fig. 2-44) to minimize the possibility of not having 
the seat true to the guide. The valve seat is cut to the angle specified by 
the manufacturer—approximately 43 to 45 degrees—and to the specified 
seat width—approximately 1/32 to 3/64 inch. 

If the seat width of Step 1 cannot be met, a reamer or resurfacer with a 
more acute angle is used. 

A fine grade of lapping compound is now used to remove the burrs caused 
by reaming/resurfacing; this assures a satisfactory seal between the valve 
face and the valve seat (refer to the next subsection on valve lapping). 
Clean off all lapping compound, metal residue, and other foreign matter 
with solvent. Dry. 
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Frc. 2-44. Valve seats are reworked whenever a valve is refaced or replaced. 


Install a new valve seat insert as follows: 


1. On blocks that have valve seat inserts, first remove the insert by using a 
valve seat puller. Turn the puller bolt until the seat is drawn out. If a 
puller is not available, the seat can be removed with a hammer, chisel, 
and punch, but exercise extreme care not to cut into the block or to dis- 
tort the block. On blocks that do not originally have valve seat inserts, a 
pocket has to be cut using a cutter and pilot assembly. 


2. Use a cutter and cut the block to a specified depth for the insert and for 
holding the insert in place (Fig. 2-45). A pilot that is a part of the cutter 
must be tight in the valve guide to prevent the cutter from cutting 
oversize. Take periodic measurements so that the cutter does not go too 
deep. 


Fic. 2-45. A cutter is used to cut the cylinder block to the specified depth to receive the valve 
seat insert. 
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Fic. 2-46. A driver is used to install the valve seat insert into the cylinder block. 


3. Clean the bore with compressed air to remove all metal chips. 

Chill the valve seat insert to contract the metal before installing it. 

5. Install the valve seat insert using a driver (Fig. 2-46). Install the insert 
so that the 45 degree bevel is up toward the driver; this aids in moving 
metal over the insert to hold it in place. Do not drive on a solid object 
when installing the insert as this will distort the block—you can hold the 
block against your body. 


Fic. 2-47. The metal is peened around the valve seat insert to hold it in place. 


6. After the insert is in place, the metal is peened over the top edge of the 
insert (Fig. 2-47). Move the metal toward the insert. 
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7. When the valve seat inserts have been installed, reeondition the seats 
as previously described. 


VALVE LAPPING 


After the valve faces and seats have been reconditioned, the process of lapping 
is performed to remove grinding marks and burrs from the valve face and seat thus 
assuring a good seal of the valve into the seat. Two grades of lapping compound— 
eoarse and fine—are used. Two types of valve grinders used for lapping are a sue- 
tion cup type that sticks to the valve head and is rotated by a round handle in the 
hand palms and a grinder that is similar to a hand drill that oscillates baek and 
forth. Lap the valve face and seat as follows: 


1. Apply coarse lapping compound around the valve face Cdo not get any 
compound on the stem). Insert the valve into the block. Bear down 
slightly on the valve grinder (Fig. 2-48) and rotate the grinder in the 
palms of the hands. 


Fic. 2-48. The valve and seat are lapped by placing lapping compound on the valve faee. The 
valve is then rotated with a valve grinder tool. 


2. Rotate the valve to a position at 90°, then 180°, 270°, 360°, 90°, 180°, 
270°, and 360° and rotate the grinder in the hand palms at cach position. 
This results in producing a dull finish on the valve faec. 


3. Wipe the valve and the seat clean. Inspect for an even grind; if uneven, 
use the eoarse compound again. If even, repeat with the fine lapping 
compound. 
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VALVE GUIDES 


The clearance between the valve stem and the valve guide is checked by measur- 
ing the diameter of the valve guide. The result is compared with the engine speci- 
fication and corrections made where necessary. Proceed as follows: 


Г 


Using a small hole gauge and a micrometer, measure the diameter of the 
valve guides. Measure at the top and at the bottom of the guide and 
remeasure at 90 degree points to check for out of round. Compare the 
measurements with the specifications. 


When the valve stem to valve guide clearance is over the maximum 
service clearance, one of four procedures may be performed: the valve 
guide can be made oversize, the guide can be replaced, a bushing can be 
inserted, or the guide can be knurled. These alternative procedures are 
discussed in Steps A to D. 


A. The valve guide can be bored or reamed to a standard oversize. New 
valves with oversize stems are used. 

B. The valve guide can be replaced. Press or drive the old guide out from 
the top of the cylinder. Press a new guide in from the top of the cyl- 
inder. Ream the guide to the proper diameter if it is not already at 
proper diameter. 

C. Ream the worn valve guides for installation of a bushing. Press the 
bushing into the valve guide. Ream the bushing to accept the stan- 
dard size valve stem. 

D. A knuring tool is used to bring the valve guides (it can be used on 
the tappet guides also) back to a smaller size than the original bore. 
The bore is then reamed to the standard size. If the knurling tool is 
used, the valve seats should be reworked after knurling the guides to 
be sure that the seat is true to the guide. 


VALVE LIFTERS (TAPPETS) 


The valve lifters are inspected for score marks, burrs, and wear on the tappet. 
The stem is measured with a micrometer and the clearance between the lifter stem 


and the valve stem is checked for proper gap. Proceed as follows: 


1. 


Remove the camshaft (Section 2-25) and pull the valve lifters Ctappets) 
out; tag each lifter so that it is later returned to the same tappet guide. 


Inspect the lifter faces for roughness and wear. Inspect the stem and stem 
end for wear. Replace the lifter if necessary. 

Using a micrometer, measure the stem diameter and compare the measure- 
ment with the specification. If the clearance between the lifter stem and 
the guide in the block is excessive, the lifter guide hole can be reworked 
using a knurling tool to reduce the size of the hole. The hole is then 
reamed back to standard size. 


70 CHAP. 2 / The Basic Small Gasoline Engine 


4. To check the clearance between the valve lifters and the valve stems, 
reinstall the valve lifters into the correct guides and reinstall the cam- 
shaft (Section 2-25). Rotate the.flywheel until the lifters are in the lowest 
position (the camshaft cam lobes are not against either lifter). Measure 
the clearance between the lifter stem and the valve stem with a feeler 


gauge (Fig. 2-49). 


Fic. 2-49. Check the clearance between the valve lifter and the valve stem with a feeler gauge. 
Some lifters, as shown here, have an adjustment for setting the clearance; on others, 
the valve stem is ground. 


5. Compare the measurement of Step 4 with the manufacturer's specifica- 
tion. If the clearance is too little, remove the valve and grind the valve 
stem slightly—square and flat. Replace and check again. Some engines 
have an adjustable screw on the lifter (Figs. 2-19 and 2-49) that is ad- 
justed for proper clearance between the lifter and the valves; make the 
necessary adjustment instead of regrinding the valve stem. 


INSTALLATION OF VALVES 


Reinstall the valves, springs, and keepers as follows: 


Place the valves in the valve guides. 
2. Place the correct springs on the correct valves. 


3. Using a valve spring compressor, compress the valve spring and insert the 
keeper, retainer, or pin. Release the spring and make sure that it is prop- 
erly seated. Do the same for the other valve. 


4. Install the valve spring cover and the cylinder head (Section 2-21). Re- 
assemble the other parts of the engine. 


71 


SECT. 2-27 / Crankshaft Maintenance 


QUICK REFERENCE CHART 2-6 
VALVE MAINTENANCE 


Inspect and reface valves, as required. 
Inspect and replace valve springs, as required. 


Inspect and recondition valve seats, or replace with valve seat in- 
serts, as required. 


Lap the valve faces and seats. 
Inspect, measure, and recondition the valve guides, as required. 


Measure and correct the clearance between the valve lifter stem and 
the valve stem, as required. 


Reassemble. 


2-27. CRANKSHAFT MAINTENANCE 


The crankshaft is inspected visually for damage and is measured for correct journal 
size, taper, crankpin size, and out of round. If the crankshaft is bent, it must be 
replaced. Proceed as follows: 


] 

2. 
Sh 
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Remove the shroud. 

Remove the flywheel (Section 5-8). 

Remove the engine base plate. 

Disconnect the connecting rod; note the position of the rod bearing cap 
(Section 2-22). 

Remove the main. bearing plate. 

Remove the crankshaft and inspect it for: scored or damaged bearing 
surfaces; bent, cracked, or broken crankshaft; damaged keyways; dam- 
aged flywheel taper; and damaged or stripped threads. If any of these 
defects are found, the crankshaft should be replaced or reworked as 
subsequently discussed. 

Measure the crankpin and journals with a micrometer—measure all the 
way around and end to end. If the crankpin or journals are worn, are 
out of round by 0.001 inch or more, are flat on one side, or are tapered, 
they can be reground for undersize bearings. The other alternative, if 
regrinding machinery is not available, is to replace the crankshaft. 
Threads on the crankshaft are cleaned up with a die. 

Reassemble the parts removed. Align the crankshaft and camshaft tim- 
ing marks on four-cycle engines. 
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QUICK REFERENCE CHART 2-7 
CRANKSHAFT MAINTENANCE 


Remove engine parts so that crankshaft can be removed. ‘This in- 
cludes connecting rod lower end (and camshaft on four-cycle en- 
gines). 

Remove and inspect crankshaft. 

Measure crankpin and journals with micrometer. Replace or regrind. 
Clean up threads with a die. 

Reassemble. 


2-28. MAIN BEARING MAINTENANCE 


The main bearings can be bushings, ball bearings, or tapered roller bearings. 
Maintenance includes inspection, measurement, and replacement, if required. 
Proceed as follows: 
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Remove the crankshaft (Section 2-27). 

Clean the bearings with a solvent. 

Visually inspect the bearings for damage and measure for wear. 
Relubricate the bearings and rotate to check for damage. 

If necessary to replace the bearings, remove and reinstall new bearings. 
If the bearings are on the crankshaft, pull them off with a puller or 
press them off with an arbor press; they may also be punched out with 
a special tool. If the bearings are in the crankcase, place the crankcase 
on a hotplate at 400 degrees Fahrenheit. Tap the bearing lightly so 
that it drops out. Drop in the new bearing. Be sure to wear heavy gloves. 
When bushings are replaced, they must be reamed to the proper di- 
ameter. Clean the metal cuttings away. Check the oil passages to make 
sure they are not obstructed. 


QUICK REFERENCE CHART 2-8 
MAIN BEARING MAINTENANCE 


Remove crankshaft. 

Clean bearings. 

Visually inspect and measure bearings for wear. 

Relubricate bearings and check for damage. 

Remove old bearings and reinstall new bearings, as required. 
Ream bushings to proper diameter. 
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2-29. OIL SEAL MAINTENANCE 


The oil seals are of rubber or leather and are used at both main bearings to pre- 
vent oil leaks from the crankcase. The seals are replaced whenever the crankshaft 
is replaced because the seals are usually damaged by crankshaft removal. 

The seals are sometimes held in place by a retainer and a snap ring. Pry the 
snap ring out of the groove. 

The sharp edge of the leather or rubber seal is placed toward the inside of 
the engine. It is pushed in flush with the hub or left to protrude И inch. 


2-30. REED VALVE MAINTENANCE 


Reed valves are used in two-cycle engines to allow the air-fuel mixture to flow 
into the crankcase. If the valves are not operating properly, an engine malfunction 
will occur. 

Clean the reed valve assembly with a solvent; be careful of the reeds. Inspect 
the reed valve assembly for broken, bent, or distorted reed valves, a damaged or 
distorted valve seat, or a bent or broken reed valve stop. If any of these are 
noted, replace the defective part. Check for excessive clearance between the reeds 
and the reed plate with a feeler gauge (Fig. 2-50). The maximum clearance 
allowed is approximately 0.015 inch (see the engine specification). 


Y 
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Fic. 2-50. Check the reed valves for distortion, breakage, and correct clearance. 
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2-31. COOLING SYSTEM MAINTENANCE 


Maintenance of an air-cooling system consists of keeping the air cooling fins on 
the cylinder head, cylinder block, and flywheel free of dirt or other foreign matter 
and of keeping the engine shroud in place. Refer to Section 3-8 for periodic 
maintenance procedures. Maintenance of water-cooling systems includes flushing 
the system with clean water, making water (thermostat) temperature checks, and 
adding anti-freeze to prevent cooling system damage in below freezing tempera- 
tures. 

Engine water-cooling systems are flushed every 1000 hours of operation to 
remove foreign matter. Open the drain cock at the bottom of the radiator, engine 
drain plug(s), and the top radiator cap. When all water has run out, connect a 
source of fresh water into the top of the radiator and flush until the water running 
out is clean. For extremely dirty water-cooling systems, the system can be back 
flushed under pressure from a hose. Follow the manufacturers directions. Salt 
water is flushed from outboard engines and outboard engines are drained as de- 
scribed in Sections 3-5 and 3-4, respectively. 

Engine temperatures of outboard engines are checked with a heat-sensitive 
stick similar to a crayon. The stick melts on contact with a surface at or above 
a specific range. Two sticks that melt at different temperatures are used—the 
lower mclting stick indicates the operating temperature and the high temperature 
melting stick is to indicate that the engine temperature did sot reach that temper- 
ature (for example, sticks melting at 125? and 163?F are used). 

The temperature is best checked when the engine is operating on a boat. If 
this is not possible, run the motor in a test tank for at least 5 minutes at a maxi- 
mum speed specified by the manufacturer—about 3000 rev/min. Using the two 
melting sticks, mark the surface to be checked; the marks will appear dull and 
chalky. When the surface temperature of the marked surface reaches the melting 
point of the stick, the mark will melt becoming liquid and glossy in appearance. 

If the low temperature melting stick mark does not melt after a reasonable 
time, the thermostat is stuck open and the engine is running too cool. If the high 
temperature melting stick mark melts, the cooling system is not functioning cor- 
rectly; the engine is overheating. Check for a stuck thermostat, restrictions in the 
cooling system, worn water pump, or a leaky water system. 
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Operation and 
Periodic Maintenance 
Procedures 


The two-stroke cycle engine has a power stroke and a compression stroke with 
the actions of exhaust and intake occurring between the strokes. Oil is mixed 
with the fuel and the mixture is transferred from the carburetion system into the 
crankcase and then through internal ports to the combustion chamber, The oil 
in the fucl lubricates the engine. 

The fourstroke cycle engine has four strokes: power, exhaust, intake, and 
compression. Fuel and air are mixed in the carburetor and flow through an intake 
valve into the combustion ehamber where they are compressed and burned. Ex- 
haust gases flow from the combustion chamber through an exhaust valve to the 
muffler. Oil is placed into the crankcase; it is not mixed with the fuel. The oil in 
the crankcase is splashed or pumped onto the moving engine parts to lubricate 
them. 

The two- and fourcycle engines being studied fall into the classifications of: 
gasoline used as the driving force, reciproeating or rotary, internal-combustion, air- 
or water-cooled, and the crankshafts are principally located vertieally, horizontally, 
or in any position such as in a chain saw. The engines, when new, operate ef- 
ficiently and trouble-free providing power to help man to accomplish work or 
to further enjoy his leisure time. Efficient and trouble-free operation will not last 
indefinitely, but it can be extended significantly if the engine is cared for prop- 
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erly. This means operating the engine correctly and providing adequate main- 
tenance—cleaning, lubrication, checks, tune-ups—to the engine on a scheduled 
periodic basis. Unfortunately, most engine owners usually don't operate their engines 
correctly nor do they provide sufficient, if any, periodic maintenance to the 
engines. This results in premature engine failures resulting in costly repair bills. 

This chapter provides the correct procedures for operating an engine and for 
performing the periodic maintenance procedures necessary to extend the life of 
the small gasoline engine. There are many types and models of small gasoline 
engines—to explain specific operation and periodic maintenance procedures for 
each is impossible. This chapter provides the necessary detail for adequate peri- 
odic maintenance, but it is recommended that the owner's manual or operator's 
instruction book for the specific engine being operated and maintained be con- 
sulted as the most thorough and accurate information. Appendix H provides 
illustrated parts breakdowns of some typical small gasoline engines. Refer to the 
figures in Appendix H to identify typical parts mentioned in this chapter. 

This chapter presents: engine starting procedures; engine operating procedures; 
engine shutoff procedures; winter or long duration storage; saltwater operation; 
returning the engine to service after storage; periodic maintenance and minor 
engine tune-ups; cleaning the engine; cleaning carburetor air cleaners; cleaning 
fuel filters (strainers); cleaning fuel tank vent caps; cleaning crankcase breathers; 
checking oil level and changing oil in the four-cycle engine; lubrication of two- 
cycle engines; lubrication of nonengine parts; adjusting belt tensions; checking, 
cleaning and regapping spark plugs; simple compression checks; and checking the 
battery. By knowing how to perform these procedures and by actually performing 
the procedures in the practical exercises at the end of this chapter, you will learn 
to extend the life of small gasoline engines. If you are a shop owner or repairman, 
this information is valuable for your tune-up work. If you pass along the starting, 
operating, and shutoff hints to your customers, you will earn future customers 
for both repairs and sales. 


3-1. ENGINE STARTING PROCEDURES 


There are more complaints about the hard starting of small gasoline engines than 
there are complaints about anything else. Perhaps this is because the correct pro- 
cedures for starting an engine are not followed. Start a small gasoline engine 
as follows: 


1. Place the engine on level ground. 


2. On water-cooled engines, check that the water level is correct; fill as 
required. Also check for thc proper oil level; fill as required (Sections 
3-13 and 3-14). 
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CAUTION 


Make sure that the air intake, or baffle, is cleared of all 
obstructions including weeds, water, dirt, and snow. 
Shrouds should always be in place because they direct 
air over the engine fins to cool the engine. 


Fill the engine fuel tank with clean gasoline, or if it is a two-cycle 
engine, fill with the proper mixture of gasoline and oil (Section 3-14). 
Open the fuel shutoff valve and the gas cap vent shutoff (as applicable). 
If the engine has a rope starter, put your foot on the engine to hold 
it still. 

If it is a larger engine on a piece of equipment with brakes, apply 
the brakes. 

Close the choke (close choke fully in cold weather; little or no choking 
is required with a warm engine). 

If the engine has a priming button, prime the engine by pressing 
the button several times before attempting to start the engine. Choking 
is normally not required with a primer. 

Crank the engine a few times to get gasoline into the carburetor. (To 
crank the engine means to turn the engine through its operating cycle. 
This can be accomplished in different ways depending upon the type 
of starter; pull the rope, release the spring crank handle, kick the 
starter, or turn the key and let the electric starter crank the engine.) 
Set the throttle to the recommended starting position. If it is a single 
choke/throttle control, set the control to choke. When the engine starts, 
move the control to throttle. 

Turn on the ignition and crank the engine. If it is a rope starter, pull 
the rope until compression is felt; then let the rope retract. Give a 
good pull and don’t allow the rope to snap back. 

If an electrical starter is on the engine, close the starter switch and 
crank until the engine starts. Release the starter switch as soon as the 
engine starts. If you have cranked for 10 to 15 seconds and the engine 
has not started, stop cranking. Avoid long cranking periods because 
they can damage the starter. Allow the starter to cool before attempting 
again, Use a retractable starter if the battery is low or dead. 

If the engine doesn’t start, open the choke part way and try again. 
The engine may have been flooded from being too rich with gasoline. 
Once the engine is running, open the choke. Let the engine idle ap- 
proximately two minutes to warm the engine before setting it to full. 
Don’t run a cold engine at full power and don’t load it down. 

If the engine is an outboard engine, check that the water-cooling system 
is pumping water. This is detected by observing a small amount of 
water coming through “telltale” holes. 
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ENGINE STARTING PROCEDURES 


Place on level ground. 

Check and fill water and oil to correct levels. 

Fill with clean fuel. 

Open fuel shutoff valve and gas cap vent shutoff valve. 
Clean away any obstructions. 

Close choke. 


Prime engine. 


Gs Ss! Tone ag ро eres 


By whatever means available, crank engine over a few times to 
get fuel into carburetor. 


9. Set throttle to recommended starting position. 


10. Turn ignition on and crank the engine. If engine doesnt start, 
open choke part way and try again. 


11. Once running, open choke and let engine warm up two minutes 
before applying full power or load. 


32. ENGINE OPERATING PROCEDURES 


The life of any small gasoline engine can be extended if it is operated correctly. 
There are two dangers of incorrectly operating small gasoline engines: overspeeding 
the engine and overloading the engine. Overspeeding can cause the engine to 
blow up or parts can fly off because of the high speed. Overloading of the engine 
results in overheating which causes rapid wear of the parts. Likewise, you should 
not operate the small gasoline engine for excessive periods of time at idling or 
slow speed operation, because this can result in crankcase flooding, carbon accu- 
mulation in the cylinder head and spark plug fouling. 

lo prevent overspeeding, do not disconnect or tamper with the governor. 
The governor is a speed regulating device that is covered in Chapter 7. To pre- 
vent overloading the engine, use it at a slightly slower operating rate, such as 
cutting the grass a little bit slower and cutting a narrower path. 

New engines should be broken in properly. Initially adjust the carburetor of 
two-cycle engines for a fairly rich mixture and run the engine at this mixture for 
the first 10 hours of operation. On new four-cycle engines, adjust the throttle to 
minimum speed. Let the engine operate for 30 minutes without loading it. Change 
the oil after the first few hours of operation. 
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QUICK REFERENCE CHART 3-2 
ENGINE OPERATING PROCEDURES 


Operate engine at recommended speed. Do not overspeed the en- 
gine. 


Do not overload the engine. 


Avoid long periods of engine speeds at idle or slow speed of opera- 
tion. 


3-3. ENGINE SHUTOFF PROCEDURES 


At first thought it seems like there would be no specific procedures for shutting 
an engine off. However by correctly shutting the engine off, the life of the 
engine will be increased. Shut off small gasoline engines as follows: 


Remove the load from the engine. 


Set the engine to idle speed and let it continue to run for approximately 
two minutes (this cools the engine by gradually reducing the thermal 
stresses on the parts). 


Turn the engine off by moving the ignition switch to off or by placing 
the shorting bar to the tip of the spark plug. 


CAUTION 


Never pour gasoline into the fuel tank of a hot small 
gasoline engine. Any spilled gasoline could be ignited by 
the hot engine. 


Close the fuel tank/carburetor shutoff valve, if applicable. If the engine 
will be used again shortly, fill the tank with clean fuel Cafter the engine 
has cooled). This keeps condensation from accumulating in the fuel 
tank. 


If the engine will not be used within a month, drain the fuel tank and 
then start the engine again and run it until the gasoline runs out of the 
line and the carburetor. This prevents the fuel from gumming the 
carburetor passages. If the engine won’t be used within a month, refer to 
Section 3-4. 
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QUICK REFERENCE CHART 3-3 
ENGINE SHUTOFF PROCEDURES 


Remove load. 
Set engine to idle speed and run for two minutes. 


Turn engine off. 


SE ELE 


Close fuel shutoff valve. 


3-4. WINTER OR LONG DURATION STORAGE 


If the engine will not be used for a period exceeding approximately one month, 
or if the engine is to be stored for the winter, special procedures are performed 
to protect it during the nonuse period. Stored gasoline becomes gummy and can 
cause the carburetor and ports within the small gasoline engine to become clogged; 
thus it is necessary to remove all gasoline from the engine and lubricate the 
engine to protect the parts during the period of nonuse. Prepare an engine for 
storage as follows: 


1. Drain the fuel tank. 


2. Start the engine and run it until it runs out of fuel; this clears the 
carburetor and lines of all fuel. 


3. Drain the oil from the crankcase (Section 3-13). Some manufacturers 
recommend refilling the crankcase and leaving the oil in the crankcase 
during storage. 


4. Remove the spark plug. 
5. Pour one tablespoon of heavy engine oil into the combustion chamber. 


6. Turn the engine over through several cycles to distribute the oil. Re- 
place the spark plug. 


NOTE 


Some manufacturers recommend adding oil while the 
engine is running. To do this, first, be sure that the 
engine is in a dust-free area. Set the engine to a slow 
speed and remove the air cleaner element. Pour a table- 
spoonful of oil into the air intake. The oil will go through 
the carburetor and into the cylinder. When a blue smoke 
comes out of the exhaust, turn the engine off. Replace 
the air cleaner element. Remove all fuel from the fuel 
tank. Run the engine until it runs out of fuel. 
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7. ‘Thoroughly clean the outside of the engine (Section 3-8) and dry it 
thoroughly. 

8. Wrap the engine in an old blanket and store it in a warm, dry place. 
If possible, keep the engine indoors. 


Outboard motors must have the water removed from within them to prevent 
the water from freezing. If the water is left in a water-cooled engine, it could 
cause the water jacket or other parts to crack if the water freezes. To remove the 
water, set the speed control to stop (to prevent accidental starting). Turn the 
engine over by hand several times. 


QUICK REFERENCE CHART 3-4 
STORAGE OVER LONG DURATIONS 


Drain fuel tank. 

Run fuel out of engine. 

Drain crankcase. 

Remove spark plug. 

Pour one tablespoonful of heavy oil into combustion chamber. 
Turn engine over manually. 

Replace spark plug. 

Thoroughly clean and dry engine. 


so CoN px E se Do por Rl 


Wrap engine for storage. 
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3-5. SALTWATER OPERATION 


The salt in saltwater can eventually corrode the internal parts of outboard engines, 
although the parts of outboard engines have a saltwater corrosion material applied 
to them. It is always best to cycle fresh water through the cooling system after use 
and before storing. This is most easily accomplished by placing the engine so 
that the lower part of the drive shaft is in a tank of fresh water. Start the engine 
and let it run for several minutes after the engine has reached operating tempera- 
ture as the fresh water is cycled into and out of the engine water cooling system. 


3.6. RETURNING ENGINE TO SERVICE AFTER STORAGE 


It is easy to return an engine to service after storage if the procedures for storing 
the engine (Section 3-4) were accomplished. To restore the engine to service, 
proceed as follows: 
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1. With four-cycle engines, fill the crankcase with new oil of the type 
recommended by the engine manufacturer (unless you did this at the 
time of storage). | 

2. Fill the fuel tank with new fuel. On two-cycle engines, mix the gaso- 
line with the proper amount and type of oil. Use a metal can to thor- 
oughly mix the oil and gasoline before putting the mixture into the 
fucl tank (Section 3-14). 

3. Clean the air cleaner (Section 3-9). 

4. Refill the bowl with oil, if an oil bath type air cleaner is used (Section 
3-9). 

5. Check the spark plug for damage. Clean and regap the plug as required 
(Section 3-17). 


6. Perform the engine starting procedures (Section 3-1). 


QUICK REFERENCE CHART 3-5 
RETURNING ENGINE TO SERVICE AFTER STORAGE 


Fill crankcase with new oil Cfour-cycle engine only). 


2. Fill fuel tank with new fuel (mix fuel and oil for the two-cycle 
engines). 


Clean air cleaner (and add oil to bowl of oil bath type). 
4. Clean and regap spark plug. 


Start engine. 


3-7. PERIODIC MAINTENANCE AND MINOR ENGINE TUNE-UPS 


Periodic maintenance is performed during normal engine use to keep the engine 
operating at maximum efficiency and to prevent wear of cngine parts. The 
periodic maintenance is concentrated in the following arcas: cleaning the engine; 
cleaning carburetor air cleaners; cleaning fuel filters; cleaning fuel tank vent caps; 
cleaning crankcase breathers; checking oil level and changing oil in the four-cycle 
engine; lubrication of two-cycle engines; lubrication of nonengine parts; adjust- 
ing belt tensions; checking, cleaning, and regapping spark plugs; performing a 
simple engine compression check; and checking the battery. Though this list 
scems lengthy, not all of these procedures arc performed at one time, nor does 
it take much time to perform the procedures. By performing them, however, you 
will save large repair bills, or the possibility of complete engine failure. Table 3-1 
lists the periodic maintenance requirements and indicates how often each pro- 
cedurc should be accomplished. 
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Table 3-1 


PERIODIC MAINTENANCE CHART 


* Period—Hours of Refer to 
Operation Task Section 
Add oil to gasoline each Lubricate two-cycle engine. 3-14 
time you refill. 
Each 3 hours. Check oil level (fourcycle engine 3-13 
only). 
As required—perhaps after Clean the engine. 3-8 
every use as in removing 
grass clippings from lawn 
mower. 
Each 10 hours * Clean carburetor air cleaner. 3-9 
Each 10 hours. Check tightness of all hardware. Check 3-7 
sharpness of blades, teeth, etc. Check 
for cracks or breaks in all parts. 
Each 10 hours. Lubricate nonengine parts. 3-15 
Each 10 hours. Adjust belt tensions. 3-16 
Each 25 hours. Clean fuel filter. 3-10 
Each 25 hours. Clean fuel tank vent cap. 3-]1 
Each 25 hours. Clean crankcase breather (four-cycle 3-12 
engine only). 
Each 25 hours.*** Change oil (four-cycle engine only). 3-13 
Each 50 to 100 hours. Check, clean, and regap spark plug. 3-17 
Each 50 to 100 hours. Check compression. 3-18 
Fall of year; before long Put engine into storage. 3-4 
periods of nonuse. 
Spring of year; after long Return engine to service. 3-6 
periods of nonuse. 
Upon removal of outboard Rinse in fresh water. 3-5 
engine from saltwater. 
Monthly.* * ** Check battery electrolyte level. 3-19 


Clean battery terminals. 
Check electrolyte level bimonthly. 


* Each of these time periods should be reduced for engine operation in dusty environments 
such as tiller or garden tractor operation. 


** Clean carburetor air cleaner each 3 to 5 hours in dusty operating environment. 


*** Change crankcase oil after the first 2 to 5 hours of engine operation; then every 25 hours. 
**** Check bi-weekly in hot weather. 


One of the most important areas in periodic maintenance is inspection. You 
should inspect the engine after each use for the following: 
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Loose parts. Retighten as required. 


Craeked or broken parts. Replaee as required. 


ЕГ = 


Frayed or dried out belts. Replace as required. 


4. Blades, teeth, ete., for sharpness. Replace or sharpen as required. 


The majority of engines brought into a repair shop should be given a minor 
engine tune-up. The do-it-yourself homeowner, repairman ean also perform this 
tune-up when required. A minor engine tune-up consists of: 


1. Cleaning and regapping, or replacing and regapping spark plug СЅее- 
tion 3-17). 

2. Tightening spark plug and eylinder head bolts to the torque value 

specified by the manufaeturer (Sections 3-17 and 2-21). 

Testing compression (Seetion 3-18). 

Cleaning carburetor air cleaner (Seetion 3-9). 

Adjusting earburetor (Seetion 7-7). 

Cleaning fuel tank, lines, and filter (Seetions 3-10 and 3-11). 

7. Adjusting governor speed (Seetion 7-9). 


OS Se be 


Major tune-ups, minor overhaul and major overhaul are eovered in Section 
9-8. They are not considered periodie maintenance. 


Dirt is one of the biggest eauses of failure in air-cooled small gasoline engines. 
Dirt eolleets on the outside of the engine and prevents heat from radiating from 
the eooling fins. Hence the eylinder and other engine parts get too hot. The heat 
eauses the oil to breakdown eausing additional damage from exeessive wear be- 
cause of the lack of lubrieating oil. 

You ean use soap and water, a degreasing compound, or other solvents to elean 
an engine, but you must be eareful. Do not elean a hot engine with water beeause 
when the cold water hits the hot engine, it ean craek the eylinder. Do not elean 
a hot engine with a degreaser either beeause some degreasers arc flammable. 
Therefore never elean a hot engine. 

To clean the engine with soap and water or a degreaser, use a stiff brush; do 
not use any metal implements sueh as a serewdriver, seraper, or a putty knife 
to clean engine parts because these implements will scratch the surfaces causing 
dirt to eollect easily. Cleaning of the enginc consists of eleaning the shroud, 
eylinder, eylinder head fins, flywheel vanes, muffler, and the exhaust ports of two- 
eycle engines. 


NOTE 


Do not elean an engine with water under pressure be- 
cause the pressure ean foree moisture into parts to cause 
eventual, if not immediate, problems. 
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CLEANING THE SHROUD 


The shroud is a cover that directs the flow of air from the fan (on the fly- 
wheel) through the cooling fins to remove heat from the cylinder head and the 
cylinder block (see Figs. H-1 to H-3). Clean the shroud as follows: 


1, 


If necessary, remove parts that interferc with the removal of the shroud. 
These parts may include the air cleaner, muffler, spark plug wire, gov- 
ernor, or spring. 

Remove the shroud. 

Straighten bends and repair other damage to the shroud. Replace the 
shroud with a new one if necessary. 

Scrape dirt and other material off of the shroud with a wooden stick or 
a plastic scraper. Brush the shroud with a stiff brush and water. Brush 
or wipe the shroud with degreaser or other solvent to remove oil. 


Likewise, clean the air intake screen. 


CLEANING CYLINDER FINS, CYLINDER HEAD FINS, 
AND FLYWHEEL VANES 


The cylinder fins, cylinder head fins, and flywheel vanes must be kept clean 
to permit air circulation that results in maximum heat radiation and hence cooling 
of the engine. Do not let dirt or other deposits collect on the fins as this reduces the 
air cooling capacity of the system. Clean as follows: 


Ile 


Use a 1/4 inch wood dowel that is pointed in a pencil sharpener to scrape 
away dirt and other foreign matter. 


Remove additional dirt and foreign material with a solvent or degreaser 
applied to a rag. 


Check for cracks and leaks. Repair as required. 


CLEANING MUFFLER AND EXHAUST PORTS OF TWO-CYCLE ENGINES 


Carbon accumulates at the exhaust ports of two-cycle engines. This accumula- 
tion reduces engine performance and therefore must be removed. The carbon also 
causes overheating that results in damage to cngine parts. Clean as follows: 


К 
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Remove the muffler and the gasket. 

Inspect the exhaust ports for an accumulation of carbon. If carbon is 
present, proceed to Step 3; if no carbon is present, proceed to Step 7. 
Rotate the crankshaft until the piston covers the ports. This prevents the 
carbon from falling back into the cylinder. 

Position the engine so that the exhaust ports are pointed down so that 
the carbon will fall out. 

Scrape off the carbon with a wooden dowel or plastic scraper. Do not use 
a metal tool. 
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6. Use a brush to clean out the remainder of the dirt and carbon in the ports. 
If air pressure is available, blow out the dirt. 


CAUTION 


Be sure the piston is still blocking the ports before using 
air pressure. Wear safety glasses or a face shield to prevent 
the blown carbon from getting into your eyes. 


7. Reinstall the muffler, a new gasket, and attaching hardware. The muffler 
should be the same distance from the exhaust outlet as when removed. 
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QUICK REFERENCE CHART 3-6 
CLEANING THE ENGINE 


Remove the shroud. 
Straighten any bends, repair damage and then clean the shroud. 
Clean the air intake screen. 


Clean the cylinder fins, cylinder head fins, and flywheel vanes. 


Se ee A 


On two-cycle engines, remove muffler. Rotate crankshaft until piston 
covers exhaust ports and then clean exhaust ports. 


6. Reinstall parts removed. 


3-9. CLEANING CARBURETOR AIR CLEANERS 


Air cleaners (Fig. 3-1) are used to trap dust and other foreign material from the 
air before the air is drawn into the carburetor. There are three types of carburetor 
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Fic. 3-1. Air cleaners (filters) trap dust from the air being drawn into the carburetor. There are 
three types of filters: dry filter, oiled filter, and oil bath. The filter shown is an oiled filter. 
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Fic. 3-2. 
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air cleaners used on small gasoline engines: dry filter, oiled filter, and oil bath air 
cleaners. 


CLEANING DRY FILTER AIR CLEANERS 


In a dry filter air cleaner, air passes through extremely tiny pores in the filter 
element, but dust is trapped. The filtering element is made of paper, felt, fiber, foil, 
moss, hair, or a metal cartridge. Clean the dry filter air cleaner as follows: 


1. Remove the filter cover and filter element. Be careful not to damage the 
filter in any way. Replace damaged filters immediately—even a pin hole 
in the filter can let in sufficient dust to eventually ruin the engine. 

2. Cover the carburetor intake with a piece of cloth or plastic to prevent dirt 
from blowing into the open intake. 


3. Remove the filter and tap the bottom of the filter lightly on a flat surface 
to knock out the dirt. If the filter is paper, felt, a fiber hollow element, 
or a metal cartridge, tap the filter to remove the dirt. Do not wash these 
types of dry filters unless the manufacturer specifically recommends it. 
If the filter is fiber or moss, blow compressed air through it from the in- 
side of the filter toward the outside (Fig. 3-2). Wash the filter in water. 
Do not use an oily solution because it can clog the filter. If the filter is 
foil, moss, or a hair element, it can be washed in a solvent and then dried 
before replacing it. 


CLEAN 
THOROUGHLY 


Fiber or moss filters are cleaned by blowing compressed air through them from the 
inside of the filter toward the outside of the filter. 


4. If the filter is worn out or excessively clogged, replace it with a new one. 
To determine if the filter is bad enough to need replacement, select a dust 
free location and run the engine first without the filter and then with the 
filter. Any noticeable drop in engine speed and output indicates that 
filter replacement is required. 

5. Check that the gasket between the air cleaner and the carburetor is in 
good condition—a poor seal will admit dusty air. Replace the gasket, as 
required. 

6. Reinstall the filter element and cover. 
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CLEANING OILED FILTER AIR CLEANERS 


In the oiled filter type of air cleaner, the filter element is a metal mesh or a 
foam pad that is dampened with oil. Air passes through the mesh or pad and dust 
clings to the oil. Clean as follows: 


1. Remove the cover (it may simply snap on) on the filter element. 

2. Cover the carburetor intake with a piece of cloth or plastic to prevent 
dirt from blowing into the open intake. 

3. Wash the filter clement in kerosene or in detergent and water (Fig. 3-3). 
Foam pads should be repeatedly squeezed in the solution until clean. 


Swish metal mesh filters through the solution and rub with a stiff metal 
bristled brush until clean (Fig. 3-4). 


Fic. 3-3. Wash foam elements in a detergent and water. Squeeze the filter dry and apply a few 
drops of oil. Work the oil throughout the filter. Wring out the filter to remove excess oil. 


4. Dry the clement. Wring out a foam pad and then press the pad between 
dry cloths. Swish a metal mesh filter in the air or blow it dry with com- 
pressed air. 

5. Oil the filter. Saturate foam pads with oil and work the oil throughout 
the pad; then wring out the pad to remove exeess oil. Dip a metal mesh 
filter in oil; let the excess oil drip off. 

6. Reinstall the filter clement and cover. Some foam pads have a coarse and 
a fine side; the coarse filter faces outward toward the incoming air. Some 
elements are designed so that the pad provides the air seal. Be sure it is 


Fic. 3-4, 


Fic. 3-5. 
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Swish metal mesh filters through a solvent and rub with a stiff metal bristled brush. Dry 
the filter. Dip the filter in oil and let the excess drip off. 


installed correctly. If there is a gasket, insure that it is in good condition; 
replace a damaged gasket. 


CLEANING OIL BATH AIR CLEANERS 


An oil bath air cleaner has an oil cup in the bottom of the cleaner. Air passes 
over the oil and picks the oil up as a fine mist. This mist is carried up to a metal 
mesh filter element. The dust is trapped on the oily surface and is washed down 
into the oil cup. Clean the oil bath air cleaner as follows: 


It 
2. 


Hemove the filter (some filter elements unscrew). 


Cover the carburetor intake with a piece of cloth or plastic to prevent dirt 
from blowing into the open intake. 


Separate the filter parts. Pour out and discard the old oil. 


Wash the oil cup, filter, and cap in kerosene or detergent and water. Swish 
the parts through the solution and rub the parts with a stiff bristle brush 
until clean CFig. 3-5). Dry the parts. 


Refill the oil cup to the mark (not above the mark) with the oil specified 
—usually SAE 30. 


Check the gasket for damage; replace if damaged. 
Reinstall the oil cup and filter element. 


THOROUGHLY 


Swish the parts of an oil bath air cleaner in solvent and brush the parts with a stiff 
bristle brush until clean. Dry. Refill the oil cup. 
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_  _—————————--——--—-— 
QUICK REFERENCE CHART 3-7 


CLEANING CARBURETOR AIR CLEANERS 


Locate air cleaner and determine type. 
Remove filter cover and element. 

Cover carburetor intake. 

Clean element and all parts. 

Dry parts. 

Coat with or add oil Cexcept for dry filters). 
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Reinstall all parts and attaching hardware. 


3-10. CLEANING FUEL FILTERS (STRAINERS) 


Fuel filters, also called strainers, are used to filter dirt and other foreign matter from 
the fuel before the fuel enters the carburetor. There are four types of fuel filters: 
one is fixed in the fuel tank, the second is a weighted filter at the end of a hose in a 
fuel tank, the third is a bowl type (Fig. 3-6) filter mounted externally to the fuel 


tank, and the fourth is a filter at the end of the fuel line at the fuel pump inlet 
(Fig. 3-7). 


Fic. 3-6. The bowl type fuel filter is easily cleaned by removing the bowl, filter, and gasket. 
Swish the bowl and filter through a solvent, dry, and reinstall. 
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SCREEN 


Fic. 3-7. This fuel filter is attached to the fuel line at the fuel pump inlet of an outboard engine. 


CLEANING FUEL FILTERS THAT ARE FIXED IN THE FUEL TANK 


Fuel filters that are fixed in a tank are located in a corner. The filter may or may 
not be removable (Fig. 3-8). If the filter is not removable, pour the fuel out of the 
tank and pour in a fresh supply. Swish the fuel around in the tank and then pour 
it out and discard it. If the filter is removable, pour out the old fuel and proceed 
as follows: 
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Fic. 3-8. Some fuel tanks have internal filters and a shutoff valve. 


l. Remove the filter attaching hardware; this may necessitate removal of the 
fuel shutoff valve. 

Remove the filter. 

Swish the filter through a solvent until the filter is clean. 

Swish the filter in the air to dry it. 

Reinstall the filter and fuel shutoff valve. 


л t» DO 
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CLEANING WEIGHTED FUEL FILTERS 


Weighted fuel filters are used on engines such as a chain saw that must be 
operated in any position. The filter is attached to a flexible hose that is weighted to 
make the hose fall to the lowest part of the fuel tank. Clean a weighted fuel filter 
as follows: 


1. Remove the fuel tank vent cap. 

2. Gently pull the hose until the weighted filter can be pulled through the 
tank neck. You may need to reach the hose with a piece of bent wire. 
Cover the tank neck with a piece of cloth or plastic to prevent dirt from 
entering. 

3. Remove the filter from the hose and swish it through solvent until it is 
clean. 

4. Dry the filter by swishing it in the air. 

Replace the filter onto the weighted hose. 

Place the weighted hose back in the tank and replace the fuel tank vent 

сар. 
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CLEANING BOWL TYPE FUEL FILTERS 


A bowl type fuel filter (Fig. 3-6) is easily recognized as a glass bowl with fuel 
in it. Fuel flows through the inlet port, passes into the bowl, then passes through 
the filter element and the outlet to the carburetor. The filter and the bowl are 
cleaned as follows: 


1. Close the fuel shutoff valve on the filter. 
Remove the bowl, filter and gasket. 


3. Open the fuel shutoff valve and let a cup of fuel run out. This will clean 
out the fuel line. Discard the fuel. 


4. Swish the filter and bowl through a solvent until clean. Dry the filter 
and bowl by swishing them in the air. 
5. Check the gasket. If it is damaged, replacc it. 


Reinstall the filter and bowl with attaching hardware or bail. Before at- 
taching the hardware securely, open the fuel shutoff valve and fill the 
bowl. This prevents air from gctting trapped in the linc. 


CLEANING FUEL FILTER ATTACHED TO FUEL PUMP 


This type of fuel filter (Fig. 3-7) is used with outboard engines. The filter is 
attached to the fuel line with a hose clamp and to the fuel pump with a thumb 
screw. Clean the filter as follows: 


1. Loosen the thumb screw and remove the cover, filter screen, and gasket. 
2. Swish the filter in solvent until clean. 


3. Dry the filter with compressed air or by swishing it in the air. 
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4. Inspect the gasket. If damaged, replace it with a new one. 
5. Reinstall the gasket, filter screen, cover, and thumb screw. 


eee 
QUICK REFERENCE CHART 3-8 
CLEANING FUEL FILTER 


Remove filter Cand bowl). 

Swish parts in solvent until clean. 
Dry. 

Check gasket and replace, if damaged. 
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Reinstall filter and hardware. 


3-11. CLEANING FUEL TANK VENT CAPS 


The fuel tank vent cap has a tiny hole in it. Atmospheric pressure (gravity) causes 
fuel to flow from the fuel tank to the carburetor. If the fuel tank vent cap hole is 
clogged, there is no flow because a vacuum is created in the fuel tank. This can 
cause the engine to run a few minutes and then die; the vacuum can then decrease 
and the engine can be rcstarted. Again it will die. Some vent caps, as shown in 
Figure 3-9 include an air screen filter. Clean a vent cap as follows: 


l. Remove thc vent cap from the fuel tank. Cover the tank neck with a 
piece of cloth or plastic to prevent dirt from entering. 

2. Disassemble, if applicable, and soak the vent cap in solvent. Then swish 
the vent cap in the solvent and use a small brush to remove all foreign 
matter. 


VENT HOLE 


FUEL CAP 


Fic. 3-9. When fuel tank vent plugs become clogged, a partial vacuum occurs in the fuel tank 
causing the engine to stop. Some vent caps do not include a screen filter. 
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3. Swish the vent cap (and screen) in the air to dry it and then replace it 
onto the fuel tank neck. 


3-12. CLEANING CRANKCASE BREATHERS 


A crankcase breather (Figs. 2-7 and 2-8) needs to be cleaned to insure that the 
blow-by gases that pass from the combustion chamber of a four-cycle engine past 
the piston and rings into the crankcase are removed. Without the proper venting 
of these blow-by gases, the engine parts will become corroded, and the pressure 
can cause the oil to leak from the seals. Clean the crankcase breather—reed valve 
and filter element—as follows: 


1. Remove the attaching hardware, cover, gasket, filter element, reed and 
plate. Be sure to notice the disassembly order so that reassembly will be 
easy. Note any oil drain holes in the breather; the breather will be in- 
stalled with the drain hole down so that any oil splashed onto the breather 
from the lubrication system will be returned to the crankcase. 

2. Clean the filter clement and other parts by swishing them in solvent. Dry 
by swishing in the air. 

3. Check the gaskets for damage; replace if necessary. 

Reinstall all parts. If there is an oil drain hole, install the drain hole of 
the breather toward the bottom of the crankcase. 


QUICK REFERENCE CHART 3-9 
CLEANING CRANKCASE BREATHER 


1. Noting sequence and direction of removal, remove all hardware and 
breather parts. 


2. Clean filter element and other parts in solvent. 
3. Check gaskets. Replace if necessary. 
Reinstall all parts. 


3-13. CHECKING OIL LEVEL AND CHANGING OIL IN THE FOUR-CYCLE 
ENGINE 


The oil level in a four-cycle engine must be maintained at the proper level so that 
the engine parts are properly lubricated. Failure to adequately lubricate the parts 
will result in rapid wear with eventual cngine failure. Check the oil level every 
three hours of operation and after each use of the engine. The oil level is checked in 
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different models by use of a dipstick, an oil minder sight tube, or by checking that 
the oil is level with the fill plug hole. Always place the engine on a lével surface 
to check the oil level. Proceed as follows: 


NOTE 


Some manufacturers specify that the dipstick plug is not 
to be screwed into the threads to check the oil level; others 
specify to screw the plug into the threads. See the manu- 
facturer’s recommendations. 


1. If an oil dipstick (Fig. 3-10) is incorporated in the engine, remove the dip- 
stick and wipe it clean with a cloth. Reinstall the dipstick completely into 
the engine. Remove it again and inspect the oil level. If it is at the full 
mark, no additional oil is required. If it is below the full mark, add suf- 
ficient oil to bring it to the proper level. Refer to Step 4. 
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Fic. 3-10. A dipstick is used to determine the level of the oil in the engine. 


2. If an oil minder sight tube is incorporated into the engine, squeeze the 
plunger (bellows) several times. If the plastic sight tube fills with oil, 
the level is correct. If it does not fill, add oil to the engine and check the 
level again. Refer to Step 4. 


3. Some engines have a slanted fill neck (Fig. 3-11) with the base of the 
filler plug level with the correct oil level in the engine. Remove the filler 
plug from the fill neck and inspect that the oil is level with the neck. 
If it is not, fill the crankcase with oil. Refer to Step 4. 


4. If oil is needed, fill the engine with the oil recommended by the manu- 
facturer. Fill to the mark or until the oil overflows as described in Step 3. 
Do not overfill; excessive oil causes smoking from the engine. Reinstall 


the oil fill cap. 
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OIL FILLER PLUG KEEP OIL LEVEL 
TO T-P OF SLOT 


DRAIN PLUGS e < 


Fic. 3-11. For engines that have а slanted fill neck, add oil into the crankcase until the oll is 
level with the neck. 


Change the oil as often as recommended by the manufacturer—at least every 
25 hours of operating time. On new engines, the oil is often changed after the first 
2 to 5 hours (depending upon the manufacturer's recommendations). loo soon 
cannot be early enough to change the oil of a new engine. This initial oil change 
gets rid of metal particles that may have been ground off as a result of initial opera- 
tion. If the engine is operated in a dusty environment, such as the engine in a tiller 
or garden tractor, change the oil more frequently. Change the oil as follows: 


Е 
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With the engine hot, but turned off, locate and remove the oil drain plug. 
Position the engine so that the drain hole is to the bottom for complete 
drainage. Discard the oil. 

If the drain plug is not the same plug as the fill plug, reinstall the drain 
plug. 

Refill the crankcase with the oil recommended by the manufacturer. Refer 
to Chapter 8. 

Reinstall the oil fill cap. 


Bu s Bul E 


QUICK REFERENCE CHART 3-10 
CHANGING OIL IN THE FOUR-CYCLE ENGINE 


Run engine to warm up the oil Cand sludge). 

Remove oil drain plug. 

Position engine with drain hole down. Drain and discard oil. 
Reinstall drain plug. 


Fill crankcase with oil recommended by the manufacturer. 
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3-14. LUBRICATION OF TWO-CYCLE ENGINES 


In the two-cycle engine, the oil is mixed with the gasoline at the proper ratio as 
recommended by the manufacturer. The carburetion system combines air with the 
fuel mixture—gasoline and oil—and sends this mixture to the crankcase as a mist. 
During the cycle of operation, the gas-oil-air mixture is within the crankcase lubri- 
cating the crankcase parts and is then forwarded as a mist through the intake port 
to the combustion chamber for lubrication and ignition. It is important that the 
proper ratio of oil and gasoline is mixed according to the directions of the manu- 
facturer. Too much oil causes incomplete combustion and rapid build-up of carbon 
that fouls spark plugs, becomes heavy on the piston head, and clogs ports. Too 
little oil will deprive the engine of proper lubrication causing overheating, scuffing, 
scoring, and eventual engine seizure. Oil is never added to gasoline for four-cycle 
engines. 
Mix oil and gasoline for a two-cycle engine as follows (Fig. 3-12): 


Fic. 3-12. Always mix gasoline and oil for two-cycle engines in a metal container. Never mix in 
a glass bottle. 


Use a clean mixing can—never use a glass bottle. 

Pour in three-fourths of the amount of gasoline required. 
Add the proper amount of oil. 

Mix thoroughly by vigorously shaking the can. 

Add the remainder of the gasoline. 

Mix thoroughly by vigorously shaking the can. 


AM RWS 


It is important to follow the mixing procedure described to thoroughly mix the 
fuel and oil. If the oil is simply poured into a full can of fuel and is then shaken, 
the oil may not mix thoroughly and, instead of mixing, will stratify. Mix the oil 
in three-fourths of the fuel; add the rest of the fuel and mix again for every refill. 
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One manufacturer of engines suggests the use of the following fuel mixture: 
regular leaded gasoline or premium grade gasoline (92 octane minimum) is mixed 
with SAE 30 or SAE 40 two-cycle air-cooled type engine oil in a gasoline to oil ratio 
of 20 to 1 for the first fill of a new engine. Thereafter use a 40 to 1 ratio. Low lead 
or nonleaded gasoline is not approved for two-cycle engine operation. The use of 
a premium grade gasoline may be especially beneficial in warm weather operation 
to help prevent detonation or an after-run condition. Gasoline to oil ratios for stan- 
dard gallon size containers are given in Table 3-2. 


Table 3-2 
SUGGESTED GASOLINE TO OIL MIXES FOR STANDARD 
GALLON SIZE CONTAINERS 


Gasoline 1 Gallon 2 Gallons 3 Gallons 4Gallons 5 Gallons 6 Gallons 


Oil CULS. std. measure) 3.25 Ounces 6.5 Ounces 9.5 Ounces 13 Ounces 16 Ounces 19 Ounces 
Oil Gmperial measure) 4 Ounces 8 Ounces 12 Ounces 16 Ounces 20 Ounces 24 Ounces 


____ ы. __————————-—-_—_———_—— 


Outboard engines have one of two types of tanks: either a portable tank or a 
built-in tank. With portable tanks, pour the lubricating oil into the tank and then 
add the gasoline at the proper ratio recommended by the engine manufacturer. 
Replace the filler cap. Mix the fuel by tipping the tank as shown in Figure 3-13. 
With the builtin tank, use a large funnel with a fine mesh strainer (100 mesh or 
finer). Slowly pour the oil with the gasoline into the tank as shown in Figure 3-14. 


PORTABLE TANK 


Fic. 3-13. Fill the container three quarters full with gasoline. Add the proper amount of oil and 
mix by tiling the tank. Then add the remainder of the gasoline and again mix 
thoroughly by tilting. 


e FUEL NOZZLE 
^*—- MUST CONTACT 


FUNNEL 


BUILT-IN ECT 


TANK [[ 7 & = 


Fic. 3-14. To mix gasoline and oil in a built-in tank, use a large funnel with a fine mesh 
strainer. Slowly pour the oil with the gasoline into the tank. 
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Other manufacturers recommend other ratios of gasoline to oil. You should 
refer to the specifications of the manufacturer of the engine being used. Do not use 
automotive oils and do not use additives in the oils. Also do not use two-cycle out- 
board motor oil in two-cycle engines that are not used as outboards; air-cooled 
engine operation encompasses more widely varying speeds and much higher com- 
bustion chamber temperatures than are experienced with water-cooled engines. The 
best procedure is to use the oil recommended by the manufacturer. 


3-15. LUBRICATION OF NONENGINE PARTS 


The engine is associated with other parts that are either used to transport the en- 
gine and machine or the engine drives other parts to perform some type of work. 
Consult the manufacturer's specification as to lubrication of these parts; do not 
overlook them and only be concerned with the engine. Lubricate the following types 
of parts as applicable: linkage, gear reduction units, transmissions, chains, wheels, 
shafts, axles, and other machinery. 


3-16. ADJUSTING BELT TENSIONS 


Fic. 3-15. 


The pulleys and belts that are driven by the engine should be checked for proper 
tension. Pulleys must also be maintained in perfect alignment to minimize belt 
drag and resulting wear (Fig. 3-15). Check the manufacturer's literature when do- 
ing any work that requires removal or adjustment of the pulleys. Removal or ad- 
justment usually includes the loosening of a setscrew, repositioning of the pulley, 
and the retightening of the setscrew. Figure 3-16 illustrates a loose drive belt. The 
two left hand figures illustrate a belt that is too long or loose and a belt where 
excessive speed is required for the belt to engage. The right hand figure shows that 
the belt is too loose and is sagging. Belt tension can be increased by increasing the 
distance between the centers of the pulleys. 


T ——ÓÀ—À 
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Belt pulleys must be maintained in perfect alignment to minimize belt drag and 
resulting wear. 


3-17. CHECKING, CLEANING, AND REGAPPING SPARK РЕОС5__ 


Spark plugs should be cleaned and regapped every 50 to 100 hours of operation. 
The spark plug provides “telltale” signs of an engine's condition of operation CSec- 
tion 5-7). Spark plugs can foul easily from carbon, oil, gas and lead. Also the elec- 
trodes burn and the insulators chip. A normal or good spark plug has tan or gray 
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Exc. 3-16. Belts must be of proper tension to prevent slippage on the pulleys; too much tension 
can put stress on the belt and on the bearings of pulley axles. 


deposits and has no more than 0.005 inch increase in the original gap between the 
electrodes. A good plug can be cleaned and reinstalled in the engine. Worn plugs 
having tan or gray deposits and wear of 0.008 to 0.010 ineh should be thrown away. 
Other eolors on the spark plug indicate trouble. Refer to Section 5-7. Clean spark 
plugs as follows: 


1. Remove the spark plug and gasket from the engine and cover the port 
with a piece of cloth or plastic to prevent dirt from entering the cylinder. 

2. Check the plug for cracks, breaks in the insulator, badly burned electrodes 
with pits or thinly worn electrodes, or other damage. If any of these 
signs are evident, discard the plug. 
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3. Wire brush the shell and threads with a hand- or motor-powered wire 
brush (Fig. 3-17). Don't brush the insulator or the electrodes. If the 
threads are damaged, replace the plug with a new one—properly gapped. 


2, 


uy 
; 4 
Wl fy t 
И X 


А 


Fre. 3-17. The threads of a spark plug can be cleaned with a hand ог motor powered wire brush. 


4. Wipe the entire plug with a rag dampened with solvent. Be sure the 
terminal is free of all oil. 


5. File the oxide and scale from the sparking surfaces of the electrode using 
several strokes of a point file (Fig. 3-18). An abrasive blast machine may 
also be used, if it is available, and if it is recommended by the specific 
engine manufacturer. Some manufacturers void the warranty if the plugs 
are sandblasted. 


Frc. 3-18. Oxide and scale are filed from the sparking surfaces of the spark plug electrodes with 
a point file. 
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6. Regap the electrodes to the gap specified by the engine manufacturer by 
bending the side electrode. Never bend the center electrode because you 
can easily damage the plug. Check for proper gap with a round wire gap 
gauge (Fig. 3-19). 


Frc. 3-19. A plain flat feeler gauge cannot accurately measure the true width of the spark gap. 
Use a round wire gauge as shown. To change the spark gap, bend the side electrode 
(never bend the center electrode). 


7. Using steel wool, clean off the copper gasket. Then wipe the gasket with 
a rag dampened with solvent. Check that the plug seat in the cylinder 
head is clean and frec of obstructions. Clean, if required (Fig. 3-20). 


Frc. 3-20. Clean the spark plug seat with a lint frce cloth dampened with solvent. 


8. Reinstall the gasket and spark plug. Tighten the plug hand tight; then 
tighten the plug with a torque wrench to the torque value specified by 
the engine manufacturer. If a torque wrench is unavailable, tighten the 
plug 1/4 turn beyond hand tight. 
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NOTE 


Replace spark plugs only with recommended new plugs. 


QUICK REFERENCE CHART 3-11 
CHECKING, CLEANING, AND REGAPPING SPARK PLUGS 


]. Remove plug and gasket. 
2. Cover plug port. 


3. Check plug for cracks, breaks in insulator, burned or worn elec- 
trodes, and other damage. Discard, if required. 


Wire brush shell threads. Inspect threads. 
Wipe plug with rag dampened with solvent. 
File oxide and scale from electrodes. 

Regap electrodes (bend side electrode). 
Clean gasket. 
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Reinstall plug and torque to correct valve. 


3-18. SIMPLE COMPRESSION CHECK 


This test is used to make a simple check of the engine compression. If there is little 
compression, the engine will have little power. If you determine from this test that 
there is little compression, then you should refer to Chapter 2 for engine mainte- 
nance procedures of the piston, piston rings, and cylinder. Make a simple com- 
pression check as follows: 


1. Ensure that the on-off switch is off and/or that the spark plug wire is dis- 
connected. 


2. Pull the engine through several cycles with the starter. Feel the compres- 
sion as you pull the engine through. If the engine spins easily, it has little, 
if any, compression and needs additional servicing. Refer to Chapter 2. 


3. If the engine resists the pull of the starter, it has compression. If you spin 
an engine with good compression fast enough, you can hear the carburetor 
sucking air and the noise of kickback. 


4. Also listen for any scraping or squeeking internal noises that could indi- 
cate piston and cylinder scoring. If you hear these noiscs, refer to Chap- 
ter 2. 
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3-19. CHECKING THE BATTERY 


CAUTION 


Use extreme care to avoid spilling or splashing electrolyte. 
The sulphuric acid in the electrolyte can cause body burns 
and destroy clothing. If the electrolyte is splashed on the 
body or clothing, it should be neutralized immediately 
with a solution of baking soda and water. Then flush the 
area with clean water. 

Electrolyte splashed in the eyes is extremely dangerous. 
Always wear safety glasses when working with batteries to 
protect the eyes. If electrolyte is splashed in the eye, 
force the eye open and flood it with cool clear water for 
five minutes and call a doctor immediately. Do not put 
any medication or eye drops in the eye until advised by 
a doctor. If electrolyte is spilled or splashed on the painted 
surfaces of the engine or surrounding machinery, neutral- 
ize it immediately with a solution of baking soda and 
flush it with clean water. 

An explosive gas mixture forms in each cell of a battery 
when the battery is being charged. Part of this gas escapes 
through the holes in the vent plugs and may form an ex- 
plosive atmosphere around the battery if the ventilation 
is poor. Sparks or flames can ignite this gas causing an 
internal explosion which may shatter the battery. 

The following precautions should be observed to prevent 
an explosion. Do not smoke near batteries being charged 
or which have recently been charged. Do not break live 
circuits at the terminals of battcries, because a spark 
usually occurs at the point where the live circuit is broken; 
this spark could cause an explosion. 


Periodic maintenance of a battery includes: addition of water to the clectrolyte 
level; cleaning of the terminals and cable connectors; checking the battery for cracks 
and leaks; checking the specific gravity of the clectrolyte; and recharging a dis- 
charged battery. The procedures for each of these maintenance tasks are discussed 
in this section. 


CHECKING ELECTROLYTE LEVEL 


The battery electrolyte level should be checked monthly, but more often in the 
summer because of the increased temperature. Observe the electrolyte by removing 
the vent cap and viewing down into the vent well. The well has a split down cach 


105 


Fic. 3-2]. 


SECT. 3-19 / Checking the Battery 


side of the vent. The bottom of the split causes the surface of the electrolyte to 
appear distorted when it makes contact with the split. The level of electrolyte is 
correct when the distortion first appears (Fig. 3-21). If the level of the electrolyte is 
below the split, add either distilled water or colorless, odorless, drinking water until 
the level rises to the vent well splits and appears distorted. Do not overfill, as this 
shortens the electrolyte life and may cause the sulphuric acid to run out and cause 
damage or corrosion to the engine or machinery parts. Likewise, do not let the 
electrolyte level get below the tops of the plates because this will cause the plates 
to dry out and become useless. If water is added in freezing temperatures, charge 
the battery to full charge immediately. Excessive use of additional water indicates 
that the battery is being overcharged. This could be caused by too high a voltage 
regulator setting or too high operating temperatures. 


ELECTROLYTE ELECTROLYTE 
LEVEL TOO AT CORRECT 
LOW LEVEL 


Add water to the battery electrolyte until the electrolyte level appears distorted in the 
vent well. Do not overfill the battery. 


CLEANING 


Check the battery periodically for cracks, leakage of electrolyte, dirt, and cor- 
rosion. Wash the top of the battery with diluted ammonia or baking soda solution 
to neutralize the acid followed by a thorough flushing with clean water. Do not let 
these solutions get into the vent wells of the battery. Check the electrical cables, 
connectors, and battery posts for breaks, cleanliness, lack of corrosion, and tight- 
ness. If corrosion exists, disconnect the terminals and clean the terminals and clamps 
with a baking soda solution and a wire brush. After cleaning, replace the con- 
nectors, secure them, and then apply a thin coating of petroleum jelly on the posts 
and clamps to retard corrosion. Be careful in removing clamps so that you do not 
damage the battery posts. Inexpensive special tools for removing the clamps and 
for cleaning the clamps and posts are available and are recommended. 

The cable connectors used on sealed terminal batteries secure the connec- 
tion and make the connection tight and clean. Tighten the stud with a torque 
wrench to 70 inch pounds. Do not coat the terminals with grease or petroleum. 
Hold-down bolts prevent the battery from moving in its case and should be torqued 
to 60 to 80 inch pounds for bottom recess hold-downs and 40 to 60 inch pounds 
for top bar and frame hold-downs. 
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CHECKING SPECIFIC GRAVITY 


The specific gravity reading of the electrolyte of a battery indicates the charge/ 
discharge condition of the battery. The specific gravity reading is taken with an in- 
strument known as a hydrometer (Fig. 3-22) which consists of a glass tube with a 
rubber bulb at the upper end and a hydrometer float inside the glass tube. A small 
amount of electrolyte is drawn into the tube from one of the cells in the battery. 
This causes the hydrometer to float and indicates a specific gravity reading. The 
hydrometer scale reads from 1000 to 1300 and the readings indicate the specific 
gravity and hence the battery charge/discharge condition as follows: 


above 1270 fully charged 
1200 half charged 
1100 discharged 
1000 water 
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Fic. 3-22. The specific gravity reading of the electrolyte indicates the charged condition of a battery. 


These specific gravity readings are at approximately 80? Fahrenheit and must 
be corrected for other temperatures. For every 10? above 80? Fahrenheit, a factor 
of 4 points is added to the reading; for every 10° below 80°, 4 points is subtracted 
from the reading. Thus if a specific gravity reading is 1250 at 50°, the actual specific 
gravity is 1238. Note that a hydrometer reading is not accurate if water has been 
recently added because the water has not mixed with the electrolyte. 


BATTERY CHARGING 


Battery charging consists of applying an electrical current at a charge rate in 
amperes for a period of time in hours. Thus a 5 ampere charge for a period of 7 
hours would be a 35 ampere-hour charge to the battery. The charging rates should 
be between 3 and 50 amperes with the lower rates recommended over the higher 
rates. Specific charging rates or times cannot be specified in general for a battery 
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because the size or electrical capacity in ampere-hours of the battery is unknown, 
the temperature of the electrolyte is unknown, the presently charged state Cas 
fully charged or half charged) is unknown, and the battery age and condition are 
unknown. Thus the following information applies generally to any battery charging 
situation. Any large battery may be charged at any rate above 3 amperes as long as 
spewing of the electrolyte due to bubbling of the gas does not occur, and as long 
as the temperature of the electrolyte does not exceed 125° Fahrenheit. If the electro- 
lyte spews out, or if the temperature exceeds 125°, the charging rate of amperes 
must be reduced or temporarily terminated to prevent damaging the battery. Small 
batteries such as used on motorcycles should be charged at a 0.5 ampere rate; a 
higher rate may heat and damage the battery. 

The battery is fully charged after two hours at a low charging rate when all 
cells are gasing freely, but are not spewing electrolyte, and when no change has 
occurred in the specific gravity reading. The fully charged specific gravity is 1260 
to 1280 corrected for the electrolyte temperature and with the electrolyte level filled 
to the split ring. If, after prolonged charging, a specific gravity of at least 1230 can- 
not be reached on all cells, the battery will not perform like new, but it may con- 
tinue to operate satisfactorily as it has in the past. Variation in readings of over 
30 points in any two cells indicates a questionable battery. Refer to Table 3-3 for 
a battery charging time guide. 


BATTERY TESTING PROCEDURE 


A battery testing procedure is used to determine whether a battery is good and 
useable, requires recharging, or is worn out and should be replaced. ‘The accuracy 
of the testing is dependent upon variables that include temperature, specific gravity, 
age of the battery, etc. Therefore, an accurate test requires a number of steps. Ap- 
pendix G illustrates a battery testing procedure provided by the Delco-Remy Battery 
Company. Refer to it for making battery tests. 

Another battery voltage test can be performed by using the engine load instead 
of a discharge tester for resistance. Disconnect and ground the spark plug leads. 
Connect a voltmeter across the battery terminals. Crank the engine for 15 seconds. 
If the voltage reading is 9.6 volts or higher (for 12-volt batteries) at the end of 15 
seconds, the battery has good output capacity. 


a 
QUICK REFERENCE CHART 3-12 
BATTERY CHECKS 


Observe all cautions—refer to Section 3-19. 
Check electrolyte level. Add water as required. 
Clean battery and terminals. 


Check specific gravity. 
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If required, charge battery. 
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Basic Electricity 
and Electrical 
Components 


Small gasoline engines use electricity in the ignition and starting systems. In 
order for you to troubleshoot and repair these systems, it is necessary that you 
understand their operation. This necessitates learning some fundamentals of mag- 
netism and electricity, and how different electrical components are used. This 
chapter describes atoms, electricity, electrical units, magnetism and induced volt- 
age, electrical components, continuity, and test equipment used to check electrical 
components. 


All natural matter is made up of 105 fundamental constituents called elements. 
These elements exist in the free state (that is they are not combined with any- 
thing else) as substances such as iron, oxygen, and copper. The atom is the smallest 
unit which retains the characteristics of the original element. Combinations of 
atoms result in molecules. A molecule is the smallest unit of any compound. A 
compound consists of chemical units of two or more elements—you are familiar 
with some of these compounds such as water (hydrogen and oxygen), salt (sodium 
and chlorene), and rust Giron and oxygen). 

Atoms are extremely tiny units of matter. There are literally billions of atoms 
in a single speck of dust. The atom is further divided into two main parts: a 
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positively charged nucleus, and a cloud of negatively charged electrons that sur- 
round the nucleus. The nucleus or center of the atom is made of protons and 
neutrons CFig. 4-1). A proton is charged positively; the neutron consists of an 
clectron and a proton bound together. The neutron has no charge. The negatively- 
charged clectrons whirl in orbits, or rings, around the positively-charged nucelus. 
There is an electron for cach proton; the atom, therefore, has no charge in its 
natural state. 


„ ELECTRON WITH 
NEGATIVE CHARGE 


PROTON WITH Е 
POSITIVE CHARGE 


"NEUTRON 


An atom is the smallest unit which still retains the characteristics of the original 
element. The atom is made up of a positively charged nucleus and a cloud of negatively 
charged electrons that surround the nucleus. 


The atoms of different clements vary with respect to the charge on the posi- 
tive nucleus and the number of clectrons revolving around the charge. Hydrogen, 
for example, has a net charge of one on the nucleus and one orbital electron, 
whereas copper has a net charge of 29 on the nucleus and 29 orbital electrons. 
The number of orbital clectrons is called the atomic number of the element. 

Electrons are grouped in rings around the nucleus. One or more of the rings 
in cach element (except inert gases) are not completely filled with electrons. If the 
uncompleted ring is nearly empty, the element is metallic in character; it is mostly 
metallic when there is only one electron in the outer-most orbit. Examples of 
metallic elements are silver, copper, and aluminum. 

If the incomplete ring lacks only one or two electrons, the clement is usually 
nonmetallic. Atoms having outer rings approximately half filled with electrons 
exhibit both metallic and nonmetallic characteristics and are referred to as semi- 
conductors. Examples of semiconductor materials are carbon, germanium, and 
arsenic. 

In the metallic elements, the electrons in the outer rings are held together 
rather loosely. Consequently there is a continuous movement of these electrons 
between one atom and another. These electrons that move about are called free 
electrons. The ability of these free clectrons to drift from one atom to another 
makes the flow of electric current (the flow of electrons) possible. 
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An element that has many free electrons is called a good conductor; the elec- 
trons can easily move Cconduct) from one atom to the next. If there are few frec 
electrons, the element is a nonconductor; electrons do not move freely (do not 
conduct) from one atom to the next. Nonconductors that are virtually free of 
electrons are insulators; wood, plastic, mica, rubber, fiber, and porcelain. They 
are good insulators because they are made up of elements having virtually no 
free electrons in their rings. Insulators cover conductors so that one conductor 
does not touch another conductor causing conduction between the two. That is 
why wires Ccopper, aluminum) are covercd with a rubber or plastic insulating 
material. 

Electrons are negatively charged and protons are positively charged. Like the 
poles of magnets in which opposite poles attract each other and like poles repel 
each other, opposite charges attract each other and like charges repel cach other. 
That is, electrons repel electrons and protons repel protons, but electrons and 
protons attract one another. Atoms stay together because the electrons and protons 
attract each other; but the electrons and protons stay apart because of the centrifugal 
force of the electrons spinning in their orbits around the nucleus. Electrons do 
not cling together because their charges repel and, likewise, protons do not cling 
together because they are of like-charge and repel each other. The neutrons tend 
to hold the protons together in the nucleus of the atom. 


Free electrons move about constantly and haphazardly in the atoms of a conductor 
such as a copper wire. A drift of electrons (an electric current) is caused only 
when there is a difference in electrical "pressure" or "potential" between the ends 
of the wire. This potential difference can be produced by connecting a source of 
electrical potential to the ends of the wire. 

One way of producing this difference of potential is to connect a battery to 
the wire. A battery (Section 4-5) has a deficiency of electrons at the positive 
terminal and an excess of electrons at the negative terminal. When a wire is 
connected between the terminals, the deficiency at the positive terminal attracts 
the free electrons from the wire. The wire, in turn, seeks free electrons from the 
negative terminal. This attraction, or seeking of electrons, continues until neutral— 
that is, until there are as many electrons at the negative terminal of the battery 
as at the positive terminal of the battery. 

A potential difference is the result of a difference in the number of electrons 
between the two points in question. The force or pressure due to a potential 
difference is termed the electromotive force. It is expressed in units called volts. 

An electric current is the flow of electrons along a conductor due to the 
application of an electromotive force. This flow is in addition to the irregular 
movements of electrons between the rings of atoms. Electrons do not actually 
flow along a conductor from one end to the other. Each free electron travels 
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only a short distance and bumps the next electron which travels a short distance 
and bumps into another clectron. The clectrons are actually moving from the ring 
of one atom to the ring of another atom and so on. 

The flow of current, as defined in the electron theory, is the flow of negatively 
charged electrons from one point to another point that has a more positive charge. 


UC ELECTRICAL UNITS 


Three electrical units with which you need to become familiar are the ampere, 
the ohm, and the volt. The ampere is a fundamental unit of current flow, or the 
rate of flow of electricity. The ampere and the flow of current can be compared 
to the amount of flow of water in a given time, or the rate of flow of water. One 
ampcre is the quantity of electricity equivalent to one coulomb passing a given 
point per second (a coulomb is 6.28 quintillion electrons). 

The ohm is a measurement of the resistance offered to the flow of electricity. 
Resistance is the property of a substance that resists the flow of electrons. It can 
be compared to the flow of water which is regulated by the size of the pipe and 
the smoothness of the inside of the pipe. Every substance has resistance, including 
such materials as copper and aluminum. Wire is made of copper or aluminum, 
and you will find that the wire used to carry heavy current is of a thick diameter 
in order to reduce it’s resistance to the flow of electrons. Thus the thicker the wire, 
the easier is its ability to carry heavy currents. An ohm of resistance is equal to 
the amount of opposition offered by a conductor to the flow of one ampere of 
current when a pressure of one volt is applied across its terminals. 

The volt is the electromotive force that will produce a current of one ampere 
through a resistance of one ohm. That is, a volt is equivalent to the electric 
pressure required to force one ampere of current through a resistance of one ohm. 
The electromotive force or pressure can be likened to a water system in which 
the pump pressure causes the flow of current. 

These units—the ampere, ohm, and volt—have a relationship with one an- 
other. This is expressed in Ohm's law, which is a relationship between the electro- 


motive force Cvoltage), the flow of current Camperes), and the resistance that 
impedes the flow of current (ohms). 


Е 
= (4-1) 


where I— current in amperes 
E = electromotive force in volts 


R = resistance in ohms 


This formula can be manipulated by algebra to solve for any unknown. 


Thus: 
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(42) 


= (4-35 


4-4. MAGNETISM AND INDUCED VOLTAGE 


At first you may wonder why you need to study magnetism in a small gasoline 
engine course, but magnetism is a means of generating an electric current and 
it is used in the magneto-ignition systems of small gasoline engines. 

No doubt you are already familiar with the basics of magnetism—that a 
magnet has a north and a south pole. A magnet is made of an iron material that 
can become permanenily magnetized; that is, once magnetized, the material re- 
mains magnetized even after the magnetizing force is removed. Other metals, such 
as soft iron, will magnetize, but do not remain permanently magnetized. When 
the magnetizing force is removed, the magnetized soft iron loses its strength. A 
piece of metal can be magnetized by stroking the material with another permanent 
magnet, or by passing an electric current through or very near the material. When 
a material is magnetized, the molecules tend to line up as if there were billions 
of tiny magnets inside of the material. Each tiny magnet has a north and a south 
pole and they line up one behind the other, resulting in a large magnet having 
a north and a south pole. You are also familiar with the fact that like-poles repel 
and unlike-poles attract. Thus when the north end of two magnets approach each 
other, they repel, but when a north and a south pole approach each other, the 
two magnets attract one another and cling together. 

Magnets in the shape of a bar or a horseshoe have a magnetic field that 
surrounds the magnet and attracts other magnetic materials such as iron or steel 
to them. Another magnetic field the same as that surrounding a magnet also 
surrounds a piece of wire through which there is a flow of electrons. Without 
potential, or voltage, there is no magnetic field surrounding a wire because the 
electrons do not all move in one direction. 

The magnetic field surrounding a conductor is increased considerably in 
strength by winding the wire into a coil. The magnetic field surrounding each 
turn of the wire combines with the fields of adjacent turns and forms a total 
field of increased strength. The field is further strengthened when the coil is 
wrapped around a bar of metallic material. 

When a flow of electrons first begins by closing a switch letting a direct 
current flow through the wire, the magnetic field builds up. When the switch is 
opened, the field rapidly collapses. If another coil is placed near the first, a flow 
of electrons can be induced into the second coil by opening and closing the 
switch in the circuit of the first coil. This is known as electromagnetic induction. 
When one coil is near another, a varying flow of electrons in the first produces 
a varying magnetic field which cuts the turns of the other coil and induces a flow 
of electrons in the second. 
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When a permanent magnet is passed by or through a coil of wire, the magnetic 
field of the magnet causes a flow of electrons into the coil. This is the principal 
upon which the magneto-ignition system of small gasoline engines works. A 
permanent magnet is cast into the flywheel. As the flywheel rotates, the perma- 
nent magnet passes by a coil (the ignition coil) inducing a flow of electrons. 
Thus, it can be seen that magnetism can produce a flow of electrons (a current) 
and conversely a flow of electrons can produce a magnetic field. Generators, alter- 
nators, regulators and ignition coils each contain conductors that produce electro- 
magnetism. 


4-5. ELECTRICAL COMPONENTS 


Electrical components are used in the ignition and starting systems of small gaso- 
line engines. In order to repair these systems, it is necessary that you become 
familiar with the operation and use of the components in the systems. The elec- 
trical components used include: condenser (capacitor), coil, solenoid, breaker 
points, spark plug high-tension lead, spark plug, resistor, battery, transistors, diodes, 
and rectifiers. 


CONDENSER (CAPACITOR) 


A condenser, which is called a capacitor in the electronics field, is a device 
capable of storing electrical energy. A condenser is made of two metallic plates 
Cor foils) separated from each other by a layer of insulating material (Fig. 4-2). 
When a source of direct current is momentarily placed across the condenser plates 
through its two leads (sometimes the metal case is one of the leads), the plates 
become charged; there is an excess of electrons on one plate and a deficiency of 
electrons on the other plate. The plate having the excess of electrons is said to 
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Fic. 4-2. А condenser stores electrical energy. It consists of two metal plates (foil) separated by 
an insulator. 
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be negatively charged, and the plate having a deficiency of electrons is said to 
be positively charged. If the condenscr plates bccome joined by means of a wire 
and a switch, they will discharge and electrons will flow until a neutralized state 
is reached whereby each plate of the condenser will have the same amount of 
electrons. 

When the condenser is charged, it stores potential energy as electrostatic 
energy. This electrostatic, or potential energy, is capable of doing work when 
the charge is released through an external circuit. The unit of capacitance is the 
farad. This unit is too large for normal use; the capacitance of a condenser used 
in the ignition systems of small gasoline engines is within the rangc of 0.1 to 
0.5 microfarad (a microfarad is one-millionth of a farad). It is connected. across 
the breaker points to prevent electric current from arcing when the points are 
opened to initiate ignition. (Ignition is discussed in detail in Chapter 5). 


COIL 


A coil is simply a coil of wound wire. Its purpose is to induce a flow of elec- 
trons when a permanent magnet is passcd by. This is the principle of the magneto- 
ignition system discussed in Chapter 5 in which a permanent magnet, attached 
to the flywheel, passes a coil on each revolution of the flywhecl and induces a 
flow of current. A coil core made up of a number of thin, soft iron laminations 
strengthens the magnetic field. 

The coil in the ignition system (Fig. 43) has two wire wrappings that sur- 
round the center leg of an E-shapcd laminated iron core. One wrapping is called 
the primary and consists of relativcly few turns (about 200) of heavy wire. The 
seeond wrapping is the secondary and consists of thousands of turns of thin wire. 
When the magnet on the flywheel passes the coil, a current is induced into the 
primary coil generating another magnetic field. When the flow of current is 
broken by opening the breaker points, the magnetic field surrounding the primary 
coil rapidly collapses and induces a high voltage into the secondary coil (which 
is connected to the spark plug). 


SECONDARY LEADS TO BREAKER 
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A voltage is induced when a magnet is passed by a coil. 
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One end of each coil is grounded to the laminated core. The other end of 
the primary coil connects to the insulated and stationary breaker point. The other 
end of the secondary coil connects to the spark plug. CRefer to Chapter >) live 
voltage induced into the secondary coil is in proportion to the turns ratio of the 
primary to secondary coils. For example, if the turns ratio is 60:1 and the primary 
voltage is 170 volts, the secondary voltage is 10,200 volts which is more than 
ample to fire across the gap of the spark plug electrodes. The coils are molded 
to keep out moisture. 

Coils have a value known as inductance. A circuit has an inductance of one 
henry when a current, changing at the rate of one ampere per second, induces 
an average of one volt. 


SOLENOID 


A solenoid is an electromagnetic helix. A system of equal circular currents 
flows in a uniform direction about a single straight or curved axis. An example 
of a solenoid used with a gasoline engine is a solenoid relay (Fig. 4-4). The relay 
acts as a switch to complete the starting motor circuit from the battery terminal 
to the starter cable (Fig. 4-5). The switch is activated when the starter switch 
is momentarily closed. A current flows through the solenoid creating an electro- 
magnetic force that attracts a piece of soft iron called an armature. The armature 
has a movable electrical contact on it; when the armature moves because of the 
electromagnetic force overcoming an opposing spring force, the movable contact 
closes. This connects the battery to the starter through the solenoid contacts. 
When the starter switch is released, the current (or the electromagnetic force) 
in the coil is discontinued. The spring returns the armature and electrical contact 
to the normally open position breaking the path of current from the battery to 
the starter. 
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When an elcctric current flows through the solenoid coil winding, a magnetic field is 
generatcd that pulls the armature to the coil. This action connects the normally open 
contact to the movable contact to complete a current path. 
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When the starter switch is closed, the solenoid relay is energized. The battery is then 
connected through the solenoid relay to the electric starter. 
BREAKER POINTS 


Breaker points CFig. 4-6) are used in magneto- and some battery-ignition sys- 
tems (Chapter 5) to break the current flow in the primary of the ignition coil 
causing a collapsing magnetic field. This collapsing field induces a voltage into 
the secondary coil that causes the spark (from the spark plug) for engine ignition. 
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Breaker points are used in magneto-ignition systems to interrupt the current flow in 
the primary of the ignition coil. 


The breaker point assembly consists of a stationary arm, a breaker arm on a 
pivot, a spring, and mounting holes and screws. The stationary and movable 
breaker arms each have a tungsten contact (the point). The movable arm is 
spring-loaded. A cam moves against a rubbing block on the arm, moving the arm 
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to and fro to open and close the brcaker points. The points are usually opened 
when the lobe, or high point of a cam, rides against the breaker arm rubbing 
block. In addition to a cam, some breaker points are opened and closed by means 
of a cam and a push rod, plunger, or a trip lcver. The points, which open from 
approximatcly 0.016 to 0.020 inch, open and close between 800 to 4500 or more 
times per minute depending upon engine specd. A slotted mounting hole or an 
eccentric-head adjusting screw can be adjusted to position the breaker arm in 
relation to the cam so that the proper maximum point gap can be set. The gap 
space is critical for proper engine ignition; the gap dimension is measured with 
a blade-typc fecler gauge (Section 5-9). 

The stationary arm of the breaker is sometimes mounted to a bracket (Fig. 
4-6); in other designs, the stationary arm point is the tip of the condenser. The 
actuating cam on two-cycle engines is on the crankcase; on four-cycle engines, 
the cam is usually on the camshaft so that the points are opened on the power 
stroke, but not on the cxhaust stroke. The shape of the cam depends upon the 
number of cylinders and the design of the ignition system. 


SPARK PLUG HIGH-TENSION LEAD 


The spark plug high-tension lead (Fig. 4-7) connects the secondary winding 
of the coil to the spark plug. The lead is heavily insulated to prevent the voltage 
passing through it from short-circuiting to ground if the lead touches the cylinder 
head. The cap of the lead should always be clean so that good electrical contact 
is made with the spark plug stud. 


SPRING 
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The high-tension lead must be clean and fit tight to the spark plug. Check that the 
insulation is not cracked or broken. 
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SPARK PLUG 


A spark plug (Fig. 4-8) is used to ignite the air-fuel mixture in the combustion 
chamber; the force of the combustion drives the piston down on the power stroke. 


The spark plug ignites the air-fuel mixture in the combustion chamber when a spark 
jumps between the plug electrodes. 


Figure 4-9 illustrates the construction of the spark plug. The stud connects 
externally to the high-tension spark plug wire from the ignition coil secondary 
and internally to the center electrode; the stud and electrode carry the ienition 
spark voltage that jumps the air gap to the ground electrode for ignition. The 
center electrode is insulated from the shell by the ceramic insulator; the center 
electrode should never be bent in an attempt to set the spark gap because the 
ceramic insulator could be broken. The insulator dissipates the heat of combus- 
tion. The tip is designed to burn away fuel-wasting and power-wasting deposits. 

The reach of a spark plug is the linear distance from the shell gasket seat to 
the end of the threaded portion of the shell. The reach is established by the 
cylinder head design so that the electrodes are positioned at the most satisfactory 
depth in the combustion chamber to ignite the air-fuel mixture. It is important 
to install the plug with the proper gasket and to torque the plug to the correct 
value so that the electrodes are positioned correctly for the most efficient engine 
ignition; if the electrode depth is raised or lowered due to the installation of either 
two gaskets or no gasket under the plug gasket seat, the temperature range at 
which the insulator nose stabilizes may change enough to cause overheating. 

The difference between a hot and a cold plug (Fig. 4-10) is the difference 


in the temperature at which each type plug will operate inside a given combustion 
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Fic. 4-9. When setting the spark plug gap, always bend the ground (side) electrode. 


chamber; it is not a difference in the intensity of the spark. The heat range of a 
spark plug is a measure of the plug's ability to dissipate heat received from the 
engine combustion chamber to the engine cooling system. The rate of heat transfer 
is a product of spark plug design. 

A spark plug in the correct heat range will operate satisfactorily in the engine 
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Fic. 4-10. The difference between a hot and a cold plug is the difference in temperature at which 
each type plug will operate inside a given combustion chamber. 
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for which it is recommended. This means the top limit of engine load should 
not cause overheating and preignition and the lowest limit should not encourage 
fouling from carbon or lead deposits. 

When the air-fuel mixture is ignited in the combustion chamber, intense heat 
is developed and all parts exposed to the heat become hot, especially the firing 
tip of the spark plug insulator. To prevent the insulator tip from reaching a 
temperature that will cause preignition, the heat must be dissipated along the 
heat path to the cooling system (indicated by arrows in Fig. 4-11). Improper 
torque at installation, or the use of several or no gaskets on one plug will hinder 
the transfer of heat to the cooling system and cause the plug to operate at a 
higher temperature than its designed heat range. 


7 с GL = 
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Heat is dissipated along the heat path shown to the cooling system to prevent the 
insulator tip from reaching a temperature that will cause preignition. 


When an engine is operated under varying conditions, it is sometimes recom- 
mended to change from one typc of heat range plug to another. For example, 
when using an engine for trailriding, it is advisable to use a hot plug to eliminate 
the possibility of spark plug fouling. If the engine is run at high speeds for 
extended periods, a cold plug is advisable. If the engine is to be used in very 
heavy high-speed conditions, such as competition, then a very cold plug is 
advisable. 


RESISTOR 


A resistor is a device that impedes the flow of electrons through an electric 
circuit. Actually, all elements of an electric circuit offer resistance to the flow 
of electrons including; wire, coils, condensers, diodes, transistors, etc. 

Resistors are either metallic or nonmetallic. Metallic resistors are made of wire 
or ribbon and are commonly called wire wound resistors. Carbon or graphite are 
used in making nonmetallic resistors. Resistors may be fixed, variable, adjustable, 
tapped, or automatic resistance control. The fixed resistors are of a fixed value that 
cannot be changed. Adjustable resistors are adjusted and set to a specific value 
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and are then left alone. Variable, tapped, and automatic resistance control find 
few, if any, applications in small gasoline engines. The fixed and adjustable re- 
sistors are used in electronic-ignition systems (Chapter 5). 


BATTERY 


A battery (Fig. 4-12) converts chemical energy to electrical energy and pro- 
vides direct current (DC) whenever a current-consuming device is connected to it. 
The battery is used in some ignition and starting systems of small gasoline engines. 
The electrical energy is produced by a chemical reaction between the materials 
in the plate and the electrolyte, which is a dilute solution of sulphuric acid 
CH.SO,). The amount of sulphuric acid to water in a fully charged battery is 
36 percent acid to 64 percent water. 
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Fic. 4-12. A battery converts chemical energy into electrical energy. 


Battery capacity is expressed in ampere-hours. The capacity is proportional to 
the active material on the plates. The ampere-hour rating is based on the num- 
ber of amperes that a battery can deliver over a specificd length of timc. For 
example, a battery that can deliver 12.5 amperes for 8 hours is a 100 ampere-hour 
battery. 

A battery is made up of a number of storage cells grouped together as a 
single source of direct current. A cell is a single element of a battery and has a 
voltage of approximately 2 volts. Thus, a 12-volt battery has 6 cells of 2 volts each. 

A cell has two types of plates, one positive and the other negative. A platc 
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consists of grids; the grids are flat, rectangular, lattice-like castings with fairly 
heavy borders and a mesh of horizontal and vertical wires. The grids are pasted 
with chemically active materials. The positive plates contain lead peroxide СРЬО») 
and the negative plates contain sponge lead (Pb). Plate groups are then made 
by connecting a number of similar plates to a lead casting called a lead plate. 
The plate groups of opposite polarities are interlaced together; the negative and 
positive plates are alternated. Each plate in the interlaced groups is kept apart 
by plastic or rubber separators that permit rapid diffusion of the electrolyte to the 
plate area. The plate groups with their installed separators are called elements. 
When the element is all assembled, it is placed in a cell in the battery case. 

Electrical energy is produced by the chemical reaction of the active materials 
of the dissimilar plates and the electrolyte. The amount of available electrical 
energy depends upon the active area, the weight of the material in the plates, 
and upon the quantity of sulphuric acid in the electrolyte. After most of the 
active materials have reacted, the battery cannot produce additional energy until 
the battery is recharged. Recharging is accomplished by using another source 
of direct current flowing in a direction opposite to that of the output battery 
current. Figure 4-13 illustrates the chemical compounds for a fully charged and 
a fully discharged battery. When a battery can no longer produce the desired 
voltage, it is discharged. Figure 4-14 illustrates chemical reactions during dis- 
charging and charging. 
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Fic. 4-13. In a fully charged battery, the positive plate is lead oxide and the negative plate is 
lead. The electrolyte is a solution of sulfuric acid and water. 


In normal operation the battery gradually loses water from the cell due to 
dissociation of the water into hydrogen and oxygen gases which escape to the 
atmosphere through the vent caps. This rate of evaporation is increased by heat 
(such as the high temperatures of summer). The water must be replaced or the 
electrolyte will be overly concentrated, and the tops of the plates will be exposed 
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Fic. 4-14. When a battery is charging, the molecules combine to form the original materials of 
the plates. 


to the air and will dry and harden. Lack of water results in a premature failure 
of the battery. Distilled water or colorless, odorless, drinking water should be 
added as required to keep the battery filled to the required level (Section 3-19). 

As has been stated, sulphuric acid and water make up the electrolyte. Since 
sulphuric acid is heavier than water, the specific gravity is an indicator of the 
percentage of sulphurie acid in thc electrolyte. Section 3-19 describes how to 
use a hydrometer to make specific gravity readings to check the condition of a 
battery. The specific gravity of a fully charged battery is 1.300; the specific gravity 
of a fully discharged battery is 1.100 and of water is 1.000. When the hydrometer 
reading of the specific gravity is below 1.225, the battery should be recharged. 
(In actuality, the hydrometer is numbered from 1,000 to 1,300; the numbers 
are expressed in terms of thousands rather than in decimals. An electrolyte 
reading may be 1250, for example.) 

New design concepts in the construction of conventional lead acid battery 
construction has resulted in the development of rugged, rechargable, maintenance- 
free mini-batteries for applications ranging from those requiring a short burst of 
power to others requiring a sustained high voltage under load for a substantial 
length of time. The mini-battery is spillproof and is capable of withstanding 
severe vibrations and environmental extremes. Therefore the mini-battery has ap- 
plication in the ignition and starting systems of small gasoline engines (as well as 
for cordless power tools). 

Cells are formed in a mini-battery from wall segments that telescope together 
and form the pocket for sandwiched plate separators and clectrolyte. А special 
porous material immobilizes the electrolyte against the plates, thus insuring full 
contact with the plate surfaces. The plates are joined, the output leads and con- 
nector are attached, and the complete mini-battery is potted in an outer case. 
A lifetime supply of clectrolyte is added during manufacture. No periodic main- 
tenance is required. Some of the mini-batterics also provide a built-in overcharge 
protection circuit. This feature permits the use of a simple inexpensive charger. 
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The output voltage and the polarity of the output are identified on the case. 
The battery output is terminated in a polarized connector so that an incorrect 
connection is prevented. 

The design of these high-energy mini-batteries permits installation and opera- 
tion in any position without leakage. It also prevents damage from freezing even 
if the battery is discharged. 


TRANSISTORS, DIODES AND RECTIFIERS 


A transistor is a device used in electronic circuits to amplify a signal (as 
sound in a transistor radio), or to act as a variable switch (as in a transistorized 
ignition system of a small gasoline engine). The transistor is made of germanium 
or silicon with added impurities such as arsenic or antimony. The transistor con- 
sists of layers or regions of germanium (or silicon) and arsenic (or antimony) 
in a sandwich-like manner. The transistor replaces (in most applications) electron 
tubes and is more reliable, rugged, smaller, and produces less heat. 

A transistor is made by joining what are known as N and P zones together. 
The N zone is a negative zone, because it has an excess of electrons. The P zone 
is a positive zone, because it has a deficiency of electrons. The zones are made 
within the transistor into NPN or PNP configurations. 

A transistor has three terminals called the emitter, base, and collector. Elec- 
trons flow (are emitted) from the emitter, through the transistor and out of the 
collector terminal. The base provides a means of controlling the amount of electron 
flow through the transistor from emitter to collector. Thus, the base can turn 
on or can turn off the flow of electrons through the transistor. If it is necessary 
to replace a transistor in a transistorized ignition system, ensure that the transistor 
is correctly installed—the emitter, base and collector are connected to their re- 
spective connections. 

Diodes are used to rcctify, or change, alternating current to direct current. 
Diodes are made by simply joining a P and N zone. A diode has two terminals 
called the anode (+) and a cathode (—). Electrons flow through the diode in 
a direction of negative to positive—cathode to anode. The diodes are marked 
with a band Cor in another manner) to indicate the cathode side. It is important 
that replacement diodes be placed back into the circuit with the cathode ends 
connected to the same points that the original diodes were connected to. 

A rectifier is a device that changes alternating current into direct current. 
Alternating current is an electric current that reverses in direction at rapid 
regular intervals. During cach interval, the current rises from zero to maximum, 
diminishes from maximum to zero, diminishes to a maximum ncgative value, 
and then rises back to zero (Fig. 4-15). Alternating currents (AC) are generated 
by alternators. A direct current is a current that flows in only one direction. 
Direct current gencrators actually generate an alternating current, but the com- 
mutator rectifies it to direct current. Batteries provide a source of direct current. 

As previously mentioned, a diode is one device that is used as a rectifier. The 
diode allows electrons to flow easily in one direction while it opposes the flow of 
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Fic. 4-15. In alternating current, the current rises from zero to maximum and then diminishes 
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from maximum to zero, diminishes to a maximum negative value, and then rises back 
to zero. 


electrons in the opposite direction. When an alternating voltage is applied to 
a diode, therefore, it allows electrons to flow in one direction (for example, during 
the positive swing of the alternating current), but opposes the flow in the opposite 
direction (the negative swing of the alternating current). Thus the diode rectifies 
or changes the input alternating current into a direct current. 

Diode rectifiers are often wired into a bridge rectifier circuit as shown in 
Figure 4-16 to convert the alternating current output of an AC generator (Sec- 
tion 6-3) to direct current for charging an engine starting battery. When the 
voltage in the coil is of the polarity shown, the path of electron flow is through 
diode D1, to ground, to the negative terminal of the storage battery, from the 
positive terminal of the storage battery, through diode D3, and back to the coil. 
When the AC voltage alternates to the other half of the cvcle, the polarities of 
the coil will be opposite of that shown in Figure 4-16. Electron flow now proceeds 
through D2, to ground, to the battery, through D4, and back to the coil. Thus, 
the bridge rectifier circuit of diodes D1 to D4 has allowed current flow in only 
one direction through each diode. This is a result of the property of diodes which 
was previously described that allows electrons to flow in only one direction be- 
cause of low rcsistance. The alternating current input has been rectified, or 
changed, to a direct current to charge the storage battery. 
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Fic. 4-16. Diodes are used in a bridge rectifier circuit to convert the alternating current output 


of an ac generator to direct current. 
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4-6. CONTINUITY 


Continuity means that electrons are free to flow continuously from one point 
to another in an electrical wire or circuit. If there is an “open” in the circuit 
(such as a broken wire at some point) then there is no continuity; there is a 
break in the continuity. An ohmmeter (Section 4-7) is a test instrument used 
to check continuity. Other “jigs” such as a flashlight circuit can likewise be 
used to check continuity in small gasoline engine circuits. 


4-7. TEST EQUIPMENT 


There are several pieces of test equipment that are used to check electrical circuits 
in small gasoline engines. These are an ammeter, a voltmeter, and an ohmmeter. 
A multimeter combines the functions of all three of these meters into one com- 
bined test instrument. An inexpensive multimeter is a great aid in locating trouble 
in the ignition and starting systems of small gasoline engines. 

An ammeter, or ampere meter, is used to measure current in an electric cir- 
cuit. The meter must be inserted into the circuit to determine current flow because 
it measures the flow of electrons. A voltmeter is used to measure electrical voltage 
or pressure. The two leads of a voltmeter are placed across a particular circuit 
(such as across the terminals of a battery) to measure the electrical voltage. The 
ohmmeter measures resistance and is used to make continuity tests. Electric power 
is always turned off when the ohmeter is used. 


4-8. SUMMARY 


This chapter has built the foundation in electricity and magnetism that is needed 
for you to understand the operation of the ignition and starting systems dis- 
cussed in Chapters 5 and 6. 
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Now that you understand the internal operations of the engine—the reciprocat- 
ing motion of the piston, the movement of the connecting rod, the rotary motion of 
the crankshaft, the timing and movement of the valves, and the camshaft—it is 
necessary to learn how the spark is generated during each cycle to cause the com- 
bustion of the air-fuel mixture in the combustion chamber. Chapter 4 presented 
the fundamentals of an ignition system—magnetism and electricity; it also de- 
scribed many of thc components used in ignition systems—magnets, condensers, 
coils, breaker points, spark plugs, high-tension leads, resistors, batteries, transistors, 
diodes, and rectifiers. This chapter ties the fundamentals of electricity and mag- 
nctism and the various electrical components into the various types of ignition 
systems. 

The function of an ignition system is to ignite the air-fuel mixture in the 
combustion chamber to start the power stroke. A typical ignition system consists 
of a source of power Gnagneto or battery); a timer (to initiate the spark for 
ignition at the proper time during the cycle of operation); breaker points (to 
interrupt the current to the ignition coil); a condenser (to prevent arcing across 
the points); an induction coil Cto generate an electromagnetic field); a spark plug 
for each cylinder (to provide spark between its electrodes); and a distributor cap 
Cin multicylinder engines only to distribute the high voltage to the spark plug). 


Some ignition systems use a solid state module to replace some of the mechanical 
parts. 
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There are three types of ignition systems used in small gasoline engines: the 
magneto-ignition system, the solid-state ignition system (also called the capacitor 
discharge (CD) system or transistorized ignition) and the battery ignition system. 
Of the three, the magneto-ignition system is the most widely used in small gaso- 
line engines. There is no need for a battery in many machines powered by small 
gasoline engines because there are no electric starters, lights, radios, or other 
electrical accessories; therefore, the self-contained magneto-system is the most 
practical and economical. 

The new solid-state ignition system has some advantages over the magneto- 
ignition system. The major advantage is that solid-state electronic components are 
used instead of the mechanical breaker points, breaker cam, and a spark advance 
assembly. With the elimination of these mechanical parts, the solid state system 
is more reliable. 

Some small engine-powered machines do use battery-ignition systems. As you 
will learn in this chapter, a battery is used in place of a magnetic system; thus 
electrochemical energy rather than magnetic energy is used to initiate the spark 
for air-fuel combustion. The battery-ignition system is usually used when the 
machine has lights or other electrical components on the machine. 


The magneto-ignition system is a self-contained electrical spark generating system 
used solely for ignition purposes. The system generates a high voltage from 10,000 
to 20,000 volts for ignition of the air-fuel mixture in the combustion chamber. This 
high voltage is generated by the interaction of a permanent magnet and a coil 
and the principle that when a magnetic field passes a coil, a current is generated 
(Section 44). The generated voltage is great enough to jump across the spark 
plug electrode air gap and ignite the mixture in the combustion chamber. 

A magneto-ignition system (Fig. 5-1) consists of a primary and a secondary 
circuit. The primary circuit consists of breaker points that are actuated by a 
rotating breaker cam, a condenser, the primary winding of an ignition coil, and 
a shorting switch. The secondary circuit consists of the secondary winding of the 
ignition coil, the spark plug high-tension lead, and the spark plug. 

Permanent magnets are built into the flywheel that revolves around or near the 
other ignition system components. The magnets revolve very close to the ignition 
coil so that on each revolution of the magnets, a magnetic field crosses the primary 
and secondary coils. This magnetic field induces a current Chence a low voltage) 
into the primary winding of the coil. This action takes place while the breaker 
points remain closed (Fig. 5-1) because of the cam position. When the cam lobe, 
or high point, revolves and opens the breaker points (Fig. 5-2), there is a rapid 
collapse of the magnetic field that was caused by the current in the primary coil of 
the ignition coil. This rapid collapse of the magnetic field induces a voltage into the 
secondary windings of the ignition coil. Since there are many turns of wire in the 
secondary coil, the voltage is added in series until a very high voltage is generated. 
This voltage is sent through the high-tension lead to the spark plug and is of suf- 
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The primary circuit of the magneto-ignition system consists of cam actuated breaker 
points, condenser, the primary winding of the ignition coil, and a shorting switch; the 
secondary of the ignition coil, the high-tension lead, and the spark plug make up the 
secondary circuit. 


ficient power to cause a spark to arc from the center electrode to the ground elec- 
trode of the spark plug. When the points are open, the condenser acts to store the 
electricity that is in the primary circuit. The condenser thus prevents a voltage 
from arcing across the breaker points when they are opened by the cam. This pre- 
vents burning and pitting of the breaker points. 

The permanent magnets that are cast into the flywheel are either ceramic or 
alnico. Both are powerful magnets that can quickly generate a magnetic ficld. An 
alnico magnet is made of aluminum, nickel and cobalt. The breaker points, con- 
denser, ignition coil, and spark plug have bcen discussed in Section 4-5. 

The locations of most of the magneto-ignition system parts arc shown in a typical 
example in Figure 5-3. The ignition coil with its laminated core is placed in very 
close proximity to the flywheel (not shown). There is an air gap of approximately 
0.010 inches between the flywheel and the ignition coil. The condenser, breaker 
points, and actuating cam are located behind or in another location close to the 
ignition coil and flywheel; in this example, these parts are located on a piece called 
the armature plate. ‘The breaker points arc opened by either a cam or a push rod. 
On two-cycle engines, the cam is usually on the crankshaft and thus, for one revo- 
lution of the crankshaft, the breaker points will be opened by the lobe of the cam. 
On most four-cycle engines, the cam is located on the camshaft, which has one 
revolution for each two revolutions of the crankshaft. Therefore, the spark to the 
spark plug is initiated only on the power stroke and not on any other stroke because 
the breaker points are not opened. There is a voltage of about 100 volts generated 
in the primary coil, which induces a voltage of 10,000 to 20,000 volts in the sec- 
ondary coil at the time of the opening of the breaker points. 


131 CHAP. 5 / Ignition Systems 


BREAKER POINTS 


SPARK PLUG 


Fic. 5-2. When the breaker points are opened, there is a rapid collapse of the magnetic feld 
which induces a voltage into the secondary windings of the ignition coil. 


Switches are used in the magneto-ignition system to shut the engine off. One 
type of circuit (Fig. 5-1) has a switch which, when closed, connects the breaker 
points and condenser to ground. This short circuits the primary ignition circuit and 
stops the engine. On other engines, a blade of metal is located next to the spark 
plug; the metal blade switch is pressed against the spark plug to short-circuit the 
secondary circuit to ground, stopping the engine. 

Sometimes an external magneto-system is used. The external magneto consists 
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Fic. 5-3. The magneto-system parts are located in close proximity to the flywheel. The flywheel 
magnets also generate an ac voltage in the lighting coil for electric light power. 
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of a rotor driven through an impulse coupling. The rotor spins, developing a mag- 
netic field within a laminated core. The primary and secondary coils are wound on 
the laminated core. The rotor has a north and a south side and when it revolves, 
it changes magnetic field direction in the core twice for cach rotation. The magnetic 
field builds up in one direction, collapses slowly, and builds up in the opposite di- 
rection in a sinesoidal pattern (the pattern is the same as for the alternating current 
shown in Fig. 4-15). With the breaker points closed, the magnetic field is constantly 
increasing and decreasing in the sinesoidal pattern. When the ignition spark is to 
occur, the magnetic field is at its maximum strength and the breaker points are 
opened. The magnetic field collapses rapidly inducing a high voltage into the sec- 
ondary coil and circuit to the spark plug. A condenser is used with an external 
magneto, as it is with the self-contained magneto-ignition system, to prevent the 
current from arcing across the breaker points. 

Impulse coupling provides two functions to improve engine starting; it retards 
the ignition for better starting and it produces a higher voltage and a stronger spark 
at initial starting. When the ignition is cranked over by hand, the voltage to the 
spark plug is lower because the voltages produced by the magneto depend upon the 
speed of the magnetic lines cutting the primary coil. A stronger spark is generated 
if the magnetic lines are moved more rapidly through the iron core when the pri- 
mary current is interrupted. The lines move faster and hence generate a higher 
voltage in the secondary. Impulse coupling causes the magnetic lines to move faster 
by use of a delayed spring action in conjunction with retractable pawls. Spring- 
tension builds up during a part of the revolution of coupling and then releases to 
spin the rotor quickly ahead. The rotor turns part way and then stops until spring- 
tension builds up again and is then flipped forward. After the engine starts, 
centrifugal force unlocks the impulse coupling making it inoperative. At the higher 
speeds, the rotor revolves in time with the engine. 


5-2. SOLID-STATE IGNITION SYSTEMS 


A solid-state ignition system is a broad term applicd to any ignition system which 
uses electronic devices such as diodes, transistors, silicon-controlled rectifiers, or 
other semiconductors in place of one or more standard ignition components, Elec- 
tronic devices are small, have no moving parts, no mechanical adjustments, are not 
subject to wear, deliver uniform performance throughout component life, and are 
hermetically sealed against dust, dirt, oil, fucl, and moisture. 

The solid-state, or capacitor discharge CCD) system, is breakerless; an electronic 
device replaces the mechanical breaker points and related parts including the breaker 
cam, the spark advance assembly, etc. In the solid-state system, the permanent mag- 
nets in the flywheel are the only moving parts. Figures 5-4 through 5-9 illustrate the 
theory of operation of the solid-state ignition system. As the flywheel magnets (Fig. 
5-4) pass the solid-state module laminations, a low alternating current is induced 
into the charge coil. The alternating current passes through a rectifier (Fig. 5-5) 
which converts the alternating current to a direct current. The direct current travels 
to the capacitor (condenser) (Fig. 5-6) where it is stored. 
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In a solid-state ignition system, the flywheel magnets generate an ac voltage in the 
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The rectifier in the solid-state ignition system converts the ac to de. 
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The dc is stored in the capacitor (condenser). 


The flywheel magnets rotate (Fig. 5-7) approximately 351 degrees until they 


pass laminations inducing a small electrical charge into the trigger coil. At starting 
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The flywheel magnets generate a voltage in the trigger coil to fire the silicone controlled 
rectifier (SCR) at a retarded position (9°) for easy starting. 


135 


Fic. 5-8. 


CHAP. 5 / Ignition Systems 


speeds, this charge at the trigger coil has sufficient magnitude to turn on the silicon- 
controlled rectifier which acts as a switch at a retarded position for easy starting. 
This is illustrated in Figure 5-7 as the 9-degree or retard-firing position. When the 
engine speeds up and reaches approximately 800 rev/min (Fig. 5-8), advanced 


FLYWHEEL 


When the engine speeds up, the trigger coil fires the SCR at the advanced firing 
position (29°). 


firing begins. The flywheel magnets travel approximately 331 degrees at which time 
enough voltage is induced into the trigger coil to fire the silicon-controlled rectifier 
solid-state switch. This is the advanced firing position (retarded and advanced start- 
ing are further discussed in Section 5-4). 

When the silicon-controlled rectifier is triggered (Fig. 5-9), approximately 300 
volts stored in the capacitor pass through the silicon-controlled rectifier to the spark 
coil. The spark coil steps up the voltage instantaneously to approximately 30,000 
volts. This voltage is sent to the spark plug where it is of sufficient voltage to jump 
the air gap between the spark plug center and ground electrodes to ignite the air- 
fuel mixture in the combustion chamber. 

The solid-state ignition system consists of only three parts: the solid-state pack- 
age, the spark plug, and the magnets in the flywheel. The solid-state package houses 
the charge coil, trigger coil, spark coil, rectifier, capacitor, and the silicon-controlled 
rectifier. The entire package is hermetically sealed so that moisture does not affect 
it. Thus, the only moving parts are the magnets in the flywheel. Maintenance 
requires only the determination of whether or not a spark is being produced. If there 
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Fic. 5-9. When the SCR fires, the voltage stored in the capacitor passes through the primary of 


the spark coil. The high voltage induced into the secondary is discharged across the 
spark plug electrodes. 


is an ignition switch, it is the most vulncrable part of the solid-state ignition svstem. 

Instead of using magncts to induce voltage into the charge coil, a solid-state 
ignition system may instead use a battery to gencrate the current in the charge coil. 
A projection on the flywhecl rotates past the trigger coil and halts the flow of cur- 
rent causing the magnetic ficld in the primary coil to collapse. This induces a high 
voltage in the secondary coil to fire the spark plug. 


5-3. BATTERY-IGNITION SYSTEMS 


The battery-ignition system (Fig. 5-10) is similar to the magneto-ignition system. 
In the battery-ignition system, a 12- or a 6-volt battery provides a current through 
the primary of the ignition coil; this replaces the magncts that induce the voltage 
into the primary coil in the magneto-ignition system. The battery-ignition system 
includes a battery, an off-on switch, an ignition coil, breaker points, an ignition 
cam, a condenser and a spark plug. 

In operation, current flows through the primary of the ignition coil when the 
ignition switch is on and the breaker points are closed. At the time of ignition, а 
cam opens the breaker points and a voltage of approximately 100 volts is developed 
through the self-inductance of the primary winding of the coil, This collapsing 
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Fic. 5-10. A battery-ignition system is similar to a magneto-ignition system except that the current 
to the ignition coil primary is generated by a battery instead of magnets. 


voltage induces a voltage into the secondary coil of approximately 20,000 volts which 
is sufficient to cause a spark to jump the air gap between the electrodes of the spark 
plug igniting the air-fuel mixture in the combustion chamber. The condenser pro- 
tects the breaker points by providing a momentary place for the current in the 
primary to flow as the points begin to open; thus, the condenser protects the points 
from burning from a current arcing across them. The condenser also brings the 
current flow in the primary to a quick end. This hastens the collapse of the mag- 
netic field in the primary. The battery-ignition system is turned off with the switch 
which breaks the battery current passing through the primary circuit. No magnetic 
field is therefore built up. 


5-4. TIMING ADVANCE MECHANISMS 


It is important for correct operation and maximum engine efficiency that the ignition 
spark be generated at the proper time during the engine cycle. If the spark occurs 
too early before the piston approaches top dead center, the combustion pressure 
will oppose the flywheel momentum and in extreme cases can cause the piston to 
rotate in the wrong direction causing a kickback. Similarly, if the spark occurs after 
top dead center, the full compression pressure will not be used to its fullest ad- 
vantage. 

You can visualize that as the piston moves up and down in the cylinder when 
the engine is starting and the crankshaft is turning at a slow speed, the spark should 
occur just prior to top dead center. However, if the engine is operating at a faster 
speed, then the momentum of the flywheel is driving the piston rapidly; the ignition 
spark must take place a number of degrees earlier before TDC so that combustion 
occurs and drives the piston down with maximum force. The timing advance 
mechanism provides a means of changing the ignition time for combustion. The 
ignition time is designated by the number of degrees of crankshaft rotation before 


top dead center. 
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Section 5-2 described the advance system in the solid-state ignition system. In 
that system, when the engine is running at starting speeds, the flywheel magnets 
induce a small electric charge into a trigger coil which fires the silicon-controlled 
rectifier that discharges the capacitor. This produces a current in the primary of the 
spark coil at a retarded firing position of 9 degrees. When the engine reaches a 
higher speed, advanced firing (that is, a greater number of degrees prior to TDC) 
occurs and a voltage is induced into the trigger coil at 29 degrees before top dead 
center. Thus in a solid-state ignition system, the timing advance is controlled elec- 
tronically by the voltage induced into the trigger coil. 

The timing advance mechanism in a magneto-ignition system operates mechani- 
cally. In addition to the permanent magnets in the flywheel, a magnet ring (Fig. 
5-11) also includes a timing advance retard mechanism. This mechanism consists 
of a centrifugal flyweight lever, a spring, an ignition advance cam, and a retainer. 
The advance mechanism shifts from the retarded position into the fully advanced 
position Chigher speed operation) with no intermediate positions. At starting speeds, 
the centrifugal flyweight lever is spring-held to the retard position to fire the spark 
plug when the piston is almost at top dead center. After the engine speed increases 
to a certain level, centrifugal force overcomes the force of the return spring allow- 
ing the centrifugal flyweight lever to shift into the advanced timing position. This 
in turn shifts the ignition cam. Hence the lobe of the cam is introduced earlier 
causing the breaker points to open earlier before the piston reaches TDO so that 
the full force of combustion is reached just after the piston starts downward on the 
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Fic. 5-11. Centrifugal force overcomes the spring force at higher speeds. The final result is that 
the breaker points open earlier before TDC so that the full force of combustion is 
reached just after the piston starts downward on the power stroke. 
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power stroke. The retard position is approximately 6 degrees of crankshaft rotation 
before the piston reaches TDC. When the engine speed has increased to about 
1000 rev/min, the advanced position comes into operation causing the spark to 
occur at about 26 degrees of crankshaft rotation before TDC. At the higher speeds, 
the spark occurs earlier giving the mixture time to burn and to deliver its power 
to the piston. The maximum advance varies widely in different engines and may 
be as great as 45 degrees on very high-speed engines. 

The preceding description has been automatic spark advance. Manual spark 
advance is accomplished by loosening the breaker point assembly and rotating it 
slightly to an advanced position. The assembly is secured in that new position. 


5-5, MULTICYLINDER ENGINES 


In addition to one-cylinder engines, there are also small gasoline engines having 
two, three, or four cylinders. A system is needed to distribute the electrical ignition 
spark to the spark plug of the correct cylinder at the correct time. This system is 
called the distribution system. The distribution system consists of a distributor that 
is usually housed in an assembly with a rotor, a distributor cap, driving cam, breaker 
points, and a condenser. 

Instead of the secondary of the ignition coil being connected to the spark plug, 
the secondary coil is connected to the rotor in the distributor. The rotor revolves 
in a circle as driven by a driving gear. A springlike contact on the end of the rotor 
contacts metal contacts on the distributor cap. Through wires from the cap, the 
electrical ignition voltage is sent to the proper spark plug at the proper time. The 
shape of the driving cam is dependent upon the number of cylinders in the engine. 
The cam spins and the cam lobes cause the breaker points to open at the correct 
time to send the high voltage through the rotor to the correct spark plug. 

Another method of multicylinder ignition is the use of a separate magneto- 
system for each cylinder. This is commonly used in two-cylinder outboard engines. 


5-6. IGNITION SYSTEM MAINTENANCE 


Ignition system maintenance consists of periodic maintenance, troubleshooting, re- 
pairing, and adjusting. The periodic maintenance consists of checking, cleaning, 
and regapping spark plugs (Section 3-17) and checking the battery (Section 3-19) 
of battery-ignition systems. 

The initial troubleshooting procedure is to test the overall system to determine 
whether there is a problem with the ignition system (Section 9-3). Once the trouble 
has been isolated to the ignition system, then procedures for checking each of the 
components are given in this chapter. Usually, there are several alternate methods 
of checking eaeh of the parts of the ignition system. One method is simply to sub- 
stitute the suspected bad part with a known good part. A second method is to check 
the parts with an ohmmeter. Finally there are special testers manufactured for the 
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specihc purpose of testing breaker points, condensers, and ignition coils. Three 
manufacturers of such testers are Merc-o-tronic, Graham, and Stevens. These testers 
Ccalled ignition analyzers) check all functions of each of the parts of the ignition 
system. The testers check the parts without needless replacement of parts when 
they are only suspected as being bad. However, to test most of the parts, it is neces- 
sary to remove the parts from the cngine. It is recommended that small shop owners 
look into and purchase one of these testers. However the homeowner or the oc- 
casional repairman can either substitute parts or use an ohmmeter Cor multimeter) 
both inexpensively and adequately. The procedures for testing the ignition system 
parts are generally the same for each of the manufactured testers. General testing 
procedures using the testers are given in this text, but the repairman should thor- 
oughly read and understand the instructions provided by the tester manufacturer. 


CAUTION 


All tests made using the Merc-o-tronic, Graham, Stevens, 
or similar ignition analyzer testers should be made on a 
wooden workbench. High voltages are available from the 
leads and probes coming from the testers. Contact of these 
leads with a metal bench could cause short circuits. 

To avoid electrical shock from the testers, turn all power 
off when connecting the tester to the component being 
tested. Do not come into contact with the metal sections 
of the probes or leads. 

Do not let the metal tips of the probes of the ignition 
analyzer touch each other. 


Ignition system failures can be caused by one or more of the following: 


1. Spark plug is worn or bad. 

2. Spark plug gap is improperly set. 

3. ‘Terminal is missing from the spark plug high-tension lead. 

4. Electrical lead is pulled out of the ignition coil or ignition coil is open. 

5. Insulation on the high-tension lead wire or on other wires and terminals 
is cracked Се spark short circuits to ground). 

6. Condenser is poor or bad or there is a bad ground connection. 

7. Breaker points are burned or pitted. 

8. Breaker point gap is incorrectly set. 

9. Breaker point fiber is worn. 


10. Electrical connections are poor. 


ll. Air gap between the flywheel magnets and the coil laminations are set 
incorrectly. 


12. Flywheel magnets are weak or battery is dead. 


13. Spark advance assembly is damaged or is installed incorrectly. 
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14. Solid-state module is faulty. 


15. Ignition system timing is incorrect. 


When troubleshooting magneto problems, make sure that the shutoff ground 
wire terminals do not touch the armature plates; if this happens, the ignition system 
will be permanently grounded. Also the shutoff switch may become inoperative if 
dirt and grime collect between the shutoff switch screw and the shutoff blade. The 
insulation on all wires should be examined. 

There are no troubleshooting procedures for the solid-state module of a solid- 
state ignition system. The ignition system is tested very simply by using a test spark 
plug or a standard spark plug grounded to the engine to see if the system is pro- 
ducing a spark (Section 9-3). If there is no spark, the problem is either in the 
module, the ignition switch, the switch lead, the flywheel magnets, or an incorrect 
air gap. The ignition switch is the most vulnerable part of the solid-state ignition 
system because it can be affected by moisture; the hermetically sealed solid-state 
module is not affected by moisture or dust. 

Once the cause of the trouble has been found, a repair can be made. Repairs 
on the ignition system are mostly replacements of the bad components; you cannot 
repair breaker points, condensers, spark plugs Cexcept for cleaning and regapping), 
coils, broken wires, solid- state modules or components, or demagnetized magnets. 

There are four adjustments that must be correctly made for efficient ignition 
system operation. These adjustments are spark plug gap (Section 3-17), breaker 
point gap (Section 5-9), air gap setting between the magnets on the flywheel and 
the soft core laminations on the ignition coil or solid-state module (Section 5-11), 
and the setting of ignition timing (Section 5-13). 


BR SPARK PUGS. e x SS _— S 


Spark plugs are not only the easiest component to test in the ignition system, but 
they are also the most revealing component and give the maintenance technician 
a clue as to the malfunction in the engine. The spark plug is also one of the most 
probable causes of engine malfunctions. By observing the spark plug tip, the tech- 
nician can determine the probable cause of engine failure. Table 5-1 lists normal 
spark plug conditions and five conditions that indicate causes of engine failure. 
Each spark plug description includes the condition of the plug, an analysis, and 
the maintenance procedures for correcting the condition. 


Table 5-1 
SPARK PLUG CONDITIONS, ANALYSIS, AND MAINTENANCE 


NORMAL (Fig. 5-12) 
nr 
Condition 


A. Few combustion deposits present on plug 
B. Electrodes not burned or eroded 
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Table 5-1 (Continued) 


. Insulator tip color: brown to light tan 
. Insulator dry (providing engine was not excessively choked prior to plug removal) 


Analysis Maintenance 
. Ignition and carburetor in good con- A. Clean and reinstall plug or perform 
dition step B 
Plug is correct heat range B. Install a new plug of the same heat 
range 


Fig. 5-12. A spark plug tip under normal conditions has few combustion deposits, the electrodes 
are not burned or eroded, the insulator tip color is brown to light tan, and the 
insulator is dry. 


OXIDE FOULING (Fig. 5-13) 


Bees = 


Sle eel B= 


. Excessive combustion chamber deposits 
. Clogged exhaust ports or muffler 

. Use of nonrecommended oils 

. Wrong fuel mix 


Condition 


. Electrodes not worn (but may be covered with deposits) 

. Insulator tip choked, splattered, or “peppered” with ash-like deposits 

- Deposits may be thrown against and adhere to side electrode in extreme cases 

. Deposits may wedge between electrodes, momentarily or permanently shorting out the 


plug 


Analysis Maintenance 
. Clean (Section 2-21) 

. Clean (Section 3-8) 

. Use correct oi] 

Use correct mix 

. Replace plug 


ш = 
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Fic. 5-13. This spark plug tip exhibits oxide fouling. 


Table 5-1 (Continued) 


WET FOULING (Fig. 5-14) 


Condition 
A. Insulator tip black 
B. Damp oily film over firing end 
C. Carbon layer over entire nose 
D. Electrodes not worn 
Analysis Maintenance 
A. Idle speed too low A. Adjust idle (Section 7-8) 
B. Idle adjustment too rich B. Adjust idle (Section 7-8) 
C. Weak ignition outputs C. Check ignition (Section 5-6) 
D. Air filter badly clogged D. Clean air filter (Section 3-9) 
E. Wrong fuel mix (too much oil, wrong E. Use correct mix and proper oil 
type oil) 
F. Excessive idling (not shutting off en- F. Do not idle engine except for short 
gine) periods 
G. Plug too cold for type of work G. Replace with hotter plug (Sec. 4-5) 
H. High-speed carburetor and adjustment H. Load engine and reset high-speed car- 
not set with engine under full load buretor adjustment (Section 7-8) 


Fic. 5-14. This plug tip exhibits wet fouling. Note the differences between an oxide-fouled tip 
and a wet-fouled tip. 
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Table 5-1 CContinued) 


OVERHEATED CFig. 5-15) 


Condition 
A. Electrodes burned 
D. Insulator tip color: light gray or chalk white 


Analysis Maintenance 
A. Carbon clogged exhaust ports or muf- A. Clean exhaust ports or mufller (Sec- 
fler tion 3-8) 
B. Dirty or clogged cylinder fins B. Clean cylinder fins (Section 3-8) 
C. Lean carburetor setting C. Readjust carburetor (Section 7-8) 
D. Overloaded engine D. Reduce overload 
E. Spark plug too hot E. Replace with a cooler plug (Section 


4-5) 


Fie. 5-15. An overheated plug has burned electrodes; the insulator tip is light gray or chalky white. 


WORN-OUT (Fig. 5-16) 


Condition 
Electrodes worn away by corrosive gases and sparks 
Analysis Maintenance 
Plugs require more voltage to fire Replace with plugs of same heat range 


Fic. 5-16. Electrodes eventually wear away from corrosive gases and sparks, 
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Table 5-1 (Continued) 


GAP BRIDGING (Fig. 5-17) 


Condition 


Gap between electrodes is bridged with combustion particles 


Analysis Maintenance 
A. Excessive carbon in cylinder A. Clean cylinder (Sections 2-21, 2-24) 
B. Use of nonrecommended oil and/or B. Use proper oil and fuel 
fuels 
C. Improper ratio of oil to fuel (two-cycle C. Mix ratio properly 
only) 
D. Clogged exhaust ports (two-cycle опу) D. Clean exhaust ports (Section 3-8) 
E. Sudden high-speed operation after ex- E. Clean plug and regap, or replace and 
cessive idling regap with same heat range plug 


A spark plug suffering from gap bridging has a combustion particle between the 
electrodes. 


Spark plugs are gapped by bending the side (ground) electrode. Do not bend 
the center electrode as this may break the ceramic insulator. Use a round wire 
spark gap gauge to check for the proper gap recommended by the manufacturer 
(Section 3-17). The gap is correctly set when the wire gauge can be pulled through 
the gap with only a slight amount of friction. Ensure that the gap is properly set 
as specified by the manufacturer. 


The flywheel must be removed on most engines to gain access to the ignition system 
components. Prior to removing the flywheel, you must remove any manual starting 
mechanism and shroud. If the engine has an electric starter generator, the flywhecl 
will have a stub shaft on which the drive pulley mounts. The stub shaft also has 
to be removed. Some engines have an external breaker box and thus it is not neces- 
sary to remove the flywheel for access to the ignition components. 


146 BOUES Flywheel Removal Replacement 


Flywhecls are removed by different methods on different engines; therefore the 
following procedures are general. If a flywheel puller is available for the particular 
engine being worked on, obtain and use it. Remove the flywheel nut and the fly- 
wheel as follows: | 


1, To remove the Aywheel nut, some means must be used to prevent the 
flywheel from rotating. There are three methods: 


A. А piston stop can be screwed into the spark plug hole in place of the 
plug. The crankshaft is rotated until the piston rises in the cylinder 
and meets the piston stop. The stop prevents further movement of the 
piston, connecting rod, and crankshaft as the flywheel nut is removed. 

B. Achain wrench (Appendix A) or a strap wrench can be used to hold 
the Aywheel as the flywheel nut is removed. The chain wrench is a 
special tool available from some manufacturers for their engines. 

C. The engine can be positioned on the bench with a block of soft wood 
under one of the flywheel air vanes such that when the flywheel nut 
is loosened, the flywheel cannot turn. Be careful not to bend the fly- 
wheel air vanes. 


2. Using a wrench of the proper size, remove the flywheel nut. 


3. Use a flywheel puller (Fig. 5-18) to remove the Aywheel. Some pullers 
have two or three bolts that are screwed into holes in the flywheel. A 
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Fic. 5-18. A flywheel puller is used to pull the flywheel from the tapered end of the crankshaft. 
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center bolt or sometimes additional nuts on the threaded studs are tight- 
ened down to pry the flywheel off. If a flywheel puller is not available, 
place your fingers under the flywheel and apply an upward pressure. 
Place a nut Cdon't use the flywheel nut) on the top of the crankshaft and 
screw it down until it is nearly flat with the end of the crankshaft. While 
applying an upward pressure with the fingers on the flywheel, strike the 
top of the crankshaft on the nut with a soft-headed rubber or plastic 


hammer to break the flywheel loose from the tapered position of the crank- 
shaft (Fig. 5-19). 


(©) 
N 


@(‹ 


Fic. 5-19. If a flywheel puller is not БЕЙШЕ thread a nut on top of the shaft. Lift up on the 
flywheel while tapping the nut with a soft-headed hammer. 


2. 


After removing the flywheel, note the position of the flywheel key (Fig. 
5-20). The key and flywheel must be reinstalled in the same position as 
before removed. The key prevents the flywheel from changing position on 
the crankshaft and properly aligns the magnets to pass by the ignition coil 
at the proper time in the engine cycle. This insures the proper positioning 
of the magnets on the flywheel. If the key is damaged, it should be re- 
placed with a new one. 


During reinstallation, make sure that the flywheel hub and the crank- 
shaft taper are free of grease and oil; wipe them with a clean cloth damp- 
ened with solvent. Insert the flywheel key properly and replace the 


148 SECT. 5-9 / Breaker Points 


Fic. 5-20. During disassembly, note the position of the flywheel key. Reassemble the key and fly- 
wheel in the same manner. This illustration shows only one of the many types of keys 
and keyways. 


flywheel and the nut. Torque the flywheel nut to the value specified by 
the manufacturer. 


QUICK REFERENCE CHART 5-1 
FLYWHEEL REMOVAL/REPLACEMENT 


l. Prevent flywheel from rotating by using piston stop, chain or strap 
wrench, or a block of soft wood under flywheel vane. Do not damage 
vanes. 


Remove flywheel nut. 
Remove flywheel. Use puller, if available. 


Note position of flywheel key. 


мл шю м 


Just prior to reinstallation, clean flywheel hub and crankshaft taper 
with a rag dampened with solvent. 

6. Insert flywheel key and replace flywheel and nut. 

7. Torque flywheel nut to specified value. 
puo eee 


5-9. BREAKER FOUN эу с ИШ. a 


Breaker point maintenance includes inspection of the contact points, readjustment 


of the gap between the points, and replacement of the points. Since the points time 


the engine, the opening setting is critical and must be adjusted for the proper gap 
and timing. Proceed as follows: 
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l. Visually check the points for pitting, correct alignment, and good contact 
surfaces. If the points are pitted, corroded, or show unusual wear, replace 
them. 


2. If the points only show traces of dirt or oil, insert a piece of clean bond 
paper dipped in alcohol or trichloretheylene and pull the paper through 
the points. Do not touch the points with your fingers because the oil 
from your skin can act as an insulator and cause the points to break down. 
Do not let any oil get on the points. Never file the points because they 
are tungsten-tipped, and cannot be filed. Instead, replace the points. 


3. Check the points for good electrical contact. If the points are not mating 
correctly, rebend the stationary arm until the point surfaces correctly meet 
CFig. 5-21). If an ignition analyzer is available, check the breaker points 
by removing them from the engine and placing them on the bench as 
follows: 


CORRECT POOR 
ALIGNMENT ALIGNMENT 


Fic. 5-21. If the breaker points are not contacting correctly, rebend the stationary arm until the 
points do meet correctly. 


A. Connect one test lead from the ignition analyzer to the breaker arm. 

B. Connect the second test lead to the breaker assembly screw terminal. 

C. The meter readings on the ignition analyzer will indicate if the points 
are good. If the meter indicates that the points are bad, clean the 
points as described in Step 2, dry them, and retry the test. If the 
analyzer still indicates that the points are bad, replace them. 


4. Check and adjust the breaker point gap (Fig. 5-22). Rotate the engine 
crankshaft until the breaker arm is on the high point of the cam; the 
points are at their widest opening. Loosen the locking screw and turn an 
eccentric screw, or move the stationary bracket, or adjust the position of 
the condenser Cuse whichever procedure is applicable) until the gap is 
set to that specified by the manufacturer. Check the gap with a clean 
feeler gauge. When the points are wide open, and properly adjusted, only 
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a slight drag will be felt when the feeler gauge is moved between the 
points. Tighten the adjusting screw, rotate the crankshaft through several 
rotations, and then recheck the gap. Tightening the adjusting screw some- 
times alters the gap setting. Ignition timing is discussed in Section 5-13. 


Fic. 5-22. Check the breaker point gap with a flat feeler gauge. 


Be sure to set the breaker point gap correctly. If the gap between the points is 
too wide, the dwell or percentage of time in which the points are closed is decreased. 
Therefore the points open earlier and close later. Too short a dwell prevents a mag- 
netic field from building to a maximum; the spark is thus of low voltage. If the 
gap is set too narrowly, the condenser will be unable to prevent the current in the 
primary ignition circuit from jumping the breaker point gap. 


QUICK REFERENCE CHART 5-2 
BREAKER POINT MAINTENANCE 


1. Check points for pitting, correct alignment, and good surfaces. Re- 
place as required. 


Clean points. 
Check that points mate correctly. 
Set gap. 
a nae == c 
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5-10. CONDENSER 


A weak condenser can cause arcing across the breaker points. This will not permit 
a rapid enough collapse of the magnetic field which surrounds the primary of the 
ignition coil to induce enough voltage into the secondary coil to produce a good 
spark. Condenser failures decrease as the length of time of the condenser in the 
system increases. Most condensers last the lifetime of the engine; therefore it is not 
necessary to replace the condenser every time the points are replaced. However if the 
condenser is suspected of being faulty, check it for its capacity, shortage, or leakage 
and resistance. Before checking a condenser, warm it up to body temperature by 
holding it in your hand. A leaky condenser shows up better at a higher temperature. 

There are three methods that can be used to analyze a condenser to determine 
if it is good or bad. The first method is to replace the condenser with another one 
of the same value. The second test requires the use of an ohmmeter, and the third 
test involves the use of one of the commercial ignition analyzers. The ignition 
analyzer makes the most complete test. 

Check a condenser with an ohmmeter as follows: 


Disconnect the condenser leads. 


2. Set the ohmmeter to a high resistance scale and connect the probes for 
an ohmmeter (resistance) test. 


3. Connect the two leads of the ohmmeter across the two leads of the con- 
denser (Fig. 5-23). A low resistance value should be indicated at first; 


Fic. 5-23. An ohmmeter can be used to check a condenser (capacitor) for a short circuit. At first 
a low resistance should be indicated, but the reading should quickly rise to a high value. 
Resistors, diodes, coils, and high-tension leads can also be checked with the ohmmeter. 
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however, this reading should quickly rise to a high value. The ohmmeter 
is indicating that the condenser is taking on the charge of the battery. 
If a low resistance is continually indicated, the condenser is faulty Cshort- 
circuited) and must be replaced. 


The ignition analyzer checks a condenser for leakage, resistance, and capacity. 
Use the ignition analyzer to test a condenser as follows (Fig. 5-24 indicates a set-up 
similar to that used on condensers; an ignition coil is being tested): 


1. Remove the condenser from the engine ignition system. 


2. Connect one test lead from the ignition analyzer to the condenser mount- 
ing bracket or to the outside of the condenser, or to one of two pigtail 


leads. 

3. Connect the second test lead to the condenser pigtail lead or the center 
pin Cpost). 

4. Replace the condenser if it fails to meet any of the three ignition analyzer 
tests (leakage, resistance, or capacity. 

5. ‘Turn the analyzer switch to the discharge position before disconnecting 


the leads from the condenser. This discharges the voltage from the con- 
denser. 


5-11, IGNITION COIL 


The ignition coil does not require regular service. Keep the coil and the terminals 
clean and tight. If the ignition coil is suspected of being faulty, it can be tested for 
continuity with an ohmmeter or a multimeter set to the resistance scales, with a 
flashlight jig continuity checker, or with an ignition analyzer. When an ohmmeter 
is used to check the primary of the ignition coil, set the meter to the lowest resis- 
tance range. (The test setup would appear similar to Figure 5-23 except that the 
coil is substituted for the condenser.) Connect one probe to the common or ground 
connector; connect the other probe to the primary coil lead. The meter should indi- 
cate that there are almost no ohms of resistance. The secondary is checked by con- 
necting one probe to the ground connection. Set the ohmmeter dial to resistance 
times 100 or times 1,000. Connect the other probe to the high-tension lead output 
from the coil. The resistance reading on the ohmmeter may range from several hun- 
dred to several thousand ohms because of the large number of turns of thin wire 
on the secondary. When checking the continuity of either coil, the meter will indi- 
cate infinite resistance (no deflection of the ohmmeter when the leads are connected ) 
if the coil is open (no continuity) and must be replaced. 

The coil may be tested on the ignition analyzer after it is removed from the en- 
gine (Fig. 5-24). The ignition analyzer tests the coil under conditions similar to 
those of actual operation; it provides an interrupted primary current and measures 
the induced secondary voltage. The analyzer meter indicates either good or bad. 
By using the ignition analyzer, the primary and secondary coils are checked for con- 
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tinuity and the coil is checked for leakage and for sufficiently generated voltage to 
cause ignition when the coil is replaced on the engine. Check an ignition coil on the 
ignition analyzer as follows: 


Remove the coil from the engine. 


2. Connect the tester ground lead to the ground lead of the coil. Connect 
the “hot” lead of the analyzer to the coil breaker lead (primary lead) and 
connect the high-tension lead of the analyzer to the coil secondary high- 
tension lead output. Set the analyzer coil index adjustment to the specified 


primary current (see the specific engine's manufacturer's repair manual; 
for an example, refer to Appendix I, Table 1-8). 


Fic. 5-24. An ignition analyzer can be used to test coils, points, spark plug high-tension leads, 
and condensers. Use it on a wooden workbench. 


3. Note the meter reading. A low reading indicates that the coil must be 
replaced. No reading indicates a dead coil. 


4. Check for voltage leakage from the coil (leakage can be caused by mois- 
ture, cracks, or carbon paths). Run the analyzer test probe along the 
outside of the coil. Replace a coil that shows any voltage leakage. 


5. To check the coil high-tension lead to the spark plug for leakage or in- 
sulation failures, proceed as follows: 


A. Connect the high-tension lead of the analyzer to the secondary of the 
coil. 

B. Probe the entire surface of the lead insulation with the grounded 
probe. Flashover to the probe indicates that the insulation is broken 
down. Replace the high-tension lead. 
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When the ignition coil Cor solid-state module) is returned to the engine, it is 
necessary that the correct air gap be set between the coil heels Cends of the lamina- 
tion) and the flywheel magnets. This air gap is a critical dimension and you must 
consult the manufacturer's specifications for the proper distance. Use a strip of 
nonmetallic shim stock to set the coil at the proper gap (for example, a gap of 0.010 
inch is used in one manufacturer's lawn mower engine). 

The air gap between the flywheel magnets and the ignition coil or between the 
magnets and a solid-state module are set as follows: 


Remove the necessary hardware for access to the coil or solid-state module. 


2. Loosen the coil or solid-state module hardware. 


3. Rotate the flywheel until the flywheel magnets are adjacent to the solid- 
state module (Fig. 5-25). The magnets will pull the coil or module to the 


flywheel. 
FLYWHEEL 
COIL AND 
FEELER LAMINATION 
GAUGE ASSEMBLY 


Fic. 5-25. A nonmetallic feeler gauge is used to set the air gap between the flywheel magnets 
and the ignition coil. 


4, Insert a nonmetallic gauge of the proper gap thickness (see manufacturer's 
specifications—approximately 0.010 inch) between the coil or the solid- 
state module laminations and the magnets on the flywheel. 


5. ‘Tighten the attaching hardware and remove the gauge. 


5-12. FLYWHEEL MAGNETS 


The magnets on the flywheel can be rather simply checked to determine if they are 
powerful enough to generate the final ignition spark. Set the flywheel on edge on 
a flat nonmetallic surface and hold a screwdriver about an inch above the flywheel 
magnets (Fig. 5-26). The magnets should attract the screwdriver quite strongly. 
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If they do not attract the screwdriver, the magnets are weak and have to be re- 
placed. Usually, the magnets are of alnico and cannot be recharged. 


Fic. 5-26. Flywheel magnets are checked by holding a screwdriver about one inch above the 
magnets. If the screwdriver is attracted, the magnets are sufficiently strong. 


5-13. SETTING IGNITION TIMING 


An engine's ignition timing is critical. The spark between the electrodes of the spark 
plug must occur at the proper time to ignite the air-fuel mixture in the combustion 
chamber; the proper time is just before the piston reaches TDC on the compression 
stroke. If the spark occurs too early in the cycle, the pressure of combustion will 
push against the momentum of the flywheel, crankshaft, connecting rod, and piston; 
hence, the power of the power stroke will be diminished. If combustion occurs after 
TDC is reached, the compression of the air-fuel mixture will be less. This results 
in a less combustible mixture and another loss of power. Correct timing involves the 
positioning of the piston at the exact point where the breaker points begin to open. 

Timing is normally set at the factory, but the timing can go wrong and cause 
engine trouble. If the engine is disassembled, retiming is required. Improper engine 
timing can be caused by improper installation of the crankshaft and camshaft gears, 
by a jammed spark adjustment mechanism, by incorrect breaker point settings, by 
a loose or incorrectly positioned magneto assembly, or by a rotor or flywheel that 
is incorrectly positioned. The timing is set so that the points open at exactly the 
moment before TDC is reached on the compression stroke to ensure that the maxi- 
mum power will be developed during the power stroke. 
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The ignition timing is set by different methods on different engines. Timing is 
sometimes set in a static condition when the engine is not running or in a dynamic 
condition when the engine is running. Different methods of static timing include: 
the use of a dial indicating timing gauge and a flashlight jig continuity tester; the use 
of a scale (ruler) and flashlight jig continuity tester; the relocation of the ignition 
coil armature; and the correct positioning of the timing marks on mating crankshaft 
and camshaft gears. The dynamic setting of ignition timing makes use of a strobe 
light. Procedures for timing engines are included here, but the manufacturer's 
specific procedures should be used if available. 

The most accurate static setting of ignition timing is accomplished with a dial 
indicating timing gauge and a flashlight jig continuity tester. With these devices, 
it is possible to determine the exact location of the piston at the precise instant that 
ignition occurs. The dial indicating timing gauge is a depth gauge timing tool (Fig. 
5-27) which indicates (in inches) the position of the piston in the cylinder. The 
manufacturer's timing specifications are given in inches of piston travel before top 
dead center with timing in the full advance position. Timing can be changed by 
resetting the breaker gap and also by shifting the position of the stator plate. 


TIMING [SEE: 
RANGE \SPECS 


IGNITION 
TOO LATE- 
OPEN GAP 


IGNITION 
SET DIAL TOO 


AT ZERO EARLY- 
CLOSE GAP 


TURN FLYWHEEL 
CLOCKWISE 
UNTIL PISTON 
IS AT TOC~- 
SET DIAL AT 
ZERO AT THIS 
POINT 


TURN FLYWHEEL 
COUNTERCLOCKWISE 
UNTIL TIMING 
LIGHT CHANGES 
INDICATING 
IGNITION—IF 
INDICATOR IS 
NOT IN RANGE 
SPECIFIED, 
RETIME IGNITION 


PISTON 


Fic. 5-27. The most accurate setting of ignition timing is accomplished with a dial indicating 
timing gauge and a flashlight jig. 


Use the timing gauge to check ignition timing as follows: 


1. Remove the spark plug and install the dial indicating timing gauge in the 
cylinder head. 
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2. Connect the flashlight jig timing light between the ignition lead and a 
good ground. Turn on the light. 

3. Adjust the breaker points to the specified gap. Recheck the gap after re- 
tightening the adjusting screw. Readjust as required. 

4. Turn the flywheel until the piston is at TDC. The pointer of the indicat- 
ing timing gauge will suddenly reverse direction as the piston passes TDC. 
Set the pointer to zero when the piston is at TDC. 

5. Move the timing advance lever, if applicable, to full advance and hold 
this position while checking the timing. 

6. Turn the flywheel in the opposite direction from Step 4 until a light 
intensity change is noted. If a change occurs when the pointer of the 
dial indicating timing gauge is outside the specified timing range, read- 
just the timing as follows: 


A. First, try to correct the timing by making slight changes to the point 
gap setting. 

B. If timing cannot be brought into range by changing the point gap, 
reset the points to the proper gap and then shift the stator until the 
timing is within the specified range. 


If a timing gauge is not available, you can use a setup such as that shown in 
Figure 5-28. Rotate the crankshaft so that the piston moves in an upward direction 
and watch on the scale (ruler) until the piston has reached top dead center. The 
TDC position is reached when the crankshaft can be rotated through a couple of 
degrees without any movement of the piston. Now rotate the crankshaft so that 
the piston moves down into the cylinder the correct distance as specified by the 
engine manufacturer. At this distance, the breaker points should just begin to open. 


SCALE 


SCALE OR OTHER 
STRAIGHT EDGE 


Fic. 5-28. A pocket scale (ruler) and a straight edge can be used to determine piston position if 
a dial indicating timing gauge is not available. 
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This opening can be checked by using the flashlight jig continuity check tester 
or by putting a piece of cellophane or tissue paper between the points; when the 
points open, the cellophane or tissue will fall out. If the timing is incorrect, loosen 
the stator plate setscrew and rotate the stator plate until the points just begin to 
open. Retighten the setscrew. 

The timing of some engines is set by relocating the ignition coil armature on 
its mounting bracket. A mark on the armature lamination is aligned with a mark 
on the flywheel. To align this type of system, remove the flywheel, set the proper 
spark gap (Section 5-11), replace the flywheel, and tighten the nut finger tight. 
Rotate the flywheel in the direction of engine rotation until the points just begin 
to open. Observe the flywheel mark in relation to the armature mark. If the marks 
are not in alignment, the armature mounting bolts can be loosened and the armature 
can be moved until correctly aligned. It may be necessary to remove the flywheel 
to complete this procedure; if it is necessary, ensure that the crankshaft is not ro- 
tated. When the marks are properly aligned so that the spark gap is just beginning 
to open, tighten the armature mounting screws. When tightening the screws, you 
must also be sure that the proper air gap remains between the ignition coil lamina- 
tions and the flywheel. This is done by installing a shim of the correct thickness 
between the laminations and the flywheel (the shim must be nonmetallic). When 
all alignments are correct, tighten the flywheel nut (Section 5-8). 

In engines where the breaker point cam is driven by the camshaft, the gear on 
the camshaft and the gear on the crankshaft must align properly. This is done dur- 
ing assembly by aligning the marks that are usually stamped or punched next to 
one of the teeth or spaces between the gear teeth of each of the gears. The timing 
marks must coincide exactly (Fig. 5-29) when installed to insure proper timing 
(also refer to Section 2-25). 

Some manufacturers include a dynamic procedure that uses a strobe timing light 
in conjunction with a timing mark to check the proper timing. The breaker point 
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The camshaft gear and the crankshaft gear have timing marks that must be aligned 
during assembly. 
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setting must be such that, when checked with a timing (strobe) light connected 
to the high-tension lead, the flywheel timing mark will line up with another index 
mark, or will sometimes fall between two index marks (Fig. 5-30). If the timing is 
not correct, an adjustment is made using a screwdriver to slightly rotate a point 
opening adjustment screw. When the marks are aligned, the breaker plate screw 
should be tightened fast. During this test, the engine is operated at a normal op- 
erating speed. The strobe light flashes each time that the plug fires. Some engines 
have the correct timing stamped on the cylinder block (Fig. 5-31). 


Fic. 5-30. Lineup of one mark in the center of the other two marks indicates correct timing. 


IGNITION TIMING 


Fic. 5-31. Correct timing is stamped on the cylinder block of some engines. The timing can be 
checked statically or dynamically. 
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5-14. FINAL CHECK OF IGNITION SYSTEM 


With the ignition system repaired, reassembled, and timed, it should now be given 
a test which is described in the troubleshooting and tune up procedures of Sec- 
tion 9-3. 


Starting 
Systems 


Chapter 5 described the ignition system that makes the small gasoline engine 
run. Once an initial spark is produced, the air-fuel mixture in the combustion 
chamber ignites and the force of combustion drives the piston down to turn the 
crankshaft. The flywheel causes the crankshaft to continue to rotate as the gases 
are exhausted. A new supply of air-fuel mixture is sent to the combustion chamber 
and is compressed. The ignition system produces another spark and the engine 
begins another cycle of operation and continues to run until it is out of fuel or 
until the ignition spark is interrupted. 

How does the engine first start? Is the engine cranked? Is a lever kicked? 
Can a battery be used? Can house current be used? If a battery is used and be- 
comes drained due to difficult starting, how is the battery recharged? Does a 
battery provide power for other equipment such as lights? Or is there a method 
of generating electricity? These questions are answered in this chapter on starting 
systems. Theory of operation and maintenance are included for manual starters, 
starter motors, AC and DC generators, alternators, magneto-generators, motor- 
generators, and regulators. 


6-1. MANUAL STARTERS____l/_ _— 
There are four types of manual starters: crank, kick, rope, and quick release spring. 


The crank starter is the simplest and is used most often to start low-speed multi- 
cylinder engines. The crank (Fig. 6-1) is placed on a socket on the end of the 
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engine crankshaft and is rotated to crank the engine through one cycle or more 
until the engine starts. The crank is disengaged when the engine starts. 


The crank is placed on a socket on the end of the engine crankshaft and is rotated to 
crank the engine through one cycle or more until the engine starts. 


A kick starter is used on motorcycle and scooter engines. It has an operating 
lever with an attached gcar segment that drives a gear on the crankshaft. The 
gear segment disengages the crankshaft gear wben the operating lever is down. 

Figure 6-2 illustrates a kick starter on which the pedal is depressed in a down- 
ward stroke. ‘The starter shaft worm moves the starter clutch toward the starter clutch 
gear. Mating ratchet teeth of the starter clutch gear and the starter clutch engage 
and transmit the force through the transfer gear, transmission mainshaft, and clutch 
to the engine. 
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The kick starter is used on motorcycle and scooter engines. 


There are two types of rope starters used to start small gasoline engines: the 
simple rope starter and the retractable (also called rewind or recoil) rope starter. 
They are used on small engines that operate at relatively high speeds. 

The simple starter (Fig. 6-3) uses a rope with a handle on one end and a 
knot on the other. The knot slips into a groove in a pulley on the crankshaft; 
the rope is then wound around the pulley. When the rope is pulled to turn the 
crankshaft and engine through several cycles, the knot at the end of the rope 
pulls clear of the pulley. 

On the retractable rope starter (Fig. 6-4) the rope is permanently attached 


Fic. 6-3. When the rope of this rope starter is pulled, the knot at the end of the rope pulls free 
of the pulley slot at the end of the starting pull. 


[| 
AIR INLET ! ONE PIECE TYPE HOUSING 
SCREEN (INCLUDES SCREEN) 


JB 
S y 2 
26 у А 


P 
NEUES Ine xe ^ HANDLE 


HOUSING 
(USED WITH 
SEPARATE AIR 
INLET SCREEN) 


NU TRY 
PULLEY @ 
\ 


— 


SS 


DOG 
SPRING BRAKE 


DOG RETAINER \ 


мү 


EN 
LARGE WASHER — е E SPRING 
QS. 


~ RETAINER SPRING 


N 
gem oe MODELS ONLY) 


DOG TENSION SPRING 
(LATER MODELS) 


CAPSCREW -- TIGHTEN TO 120 IN. LBS. 


Fic. 6-4. As the rope of the retractable rope starter unwinds, a flat spring attached to the drum 
is wound. When the force on the rope is decreased, the spring unwinds, thereby 
rewinding the rope onto the pulley. 
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to a pulley (drum) that drives the crankshaft. As the rope unwinds from the 
pulley, a flat rewind spring attached to the pulley is wound. When the force on 
the rope is decreased, the spring unwinds causing the rope to rewind on the 
pulley. Pulling the rope causes dogs (pawls) to fly out from the centrifugal force 
on them. The dogs lock the drum to the crankshaft and cause it to rotate. When 
the force is removed from the rope, the dogs return inwardly disengaging the 
crankshaft. 

The quick release (impulse) starter (Fig. 6-5) has a folding crank that is 
permanently attached to the engine. In starting the engine, the operator unfolds 
the crank and winds the starter; this action winds a heavy starter spring. When 
the spring is wound, the cranking handle is folded and a release is pressed that 
allows the spring to unwind rapidly. A ratchet or dog arrangement turns the 
crankshaft to operate the engine through several cycles (Fig. 6-6). 


PRESS DOWN 


To use the quick-release (impulse) starter, unfold the crank, wind until tight, fold the 
handle down, and press the handle down. 
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Fic. 6-6. The quick-release starter winds a heavy spring(s). A ratchet or dog turns the crankshaft 
through several cycles when released. 


6-2. STARTER MOTO 


In place of mechanical starters, some small gasoline engines use a motor (Fig. 6-7) 
to start the engine. The motor is referred to as a motor, starter, motor-starter, or 
motor-generator (the motor-generator not only starts the engine, but it also gen- 
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erates electricity to recharge the battery; it is discussed in more detail in Section 
6-6). The starter-motor is a machine that transforms electrical energy into me- 
chanical energy. The starter-motor (Fig. 6-8) consists of a magnetic field created 
by a permanent magnet or, more often, by an electromagnet; the poles are shown 
as north (N) and south (S). A battery is connected through a starter switch, 
solenoid (Section 4-5) and commutator to the armature coil; the current causes a 
magnetic field to be set up in the armature. A commutator is a device for re- 
versing the direction of current in any circuit. The commutator is simply a split 
flat ring that acts as a reversing switch. Two metal contacts called brushes rub 
against the split rings. The battery terminals are connected through wires to the 
brushes that are usually made of carbon. The brushes are held by a spring force 
against the commutator. 


A starter motor is sometimes used in place of a mechanical starter to start a small 
gasoline engine. 


The magnetic field force indicated as north and south in Fig. 68 is usually 
produced by an electromagnet. When the starter switch is closed, a current flows 
through the armature coil causing a magnetic field to be set up; one end of thc 
coil is north and one is south. The south ends and the north ends of the armature 
field and the electromagnetic field repel one another and the armature rotates. 
The north and south ends begin to attract each other and this further rotates 
the armature. Just at the point where the armature would begin to stop because 
of the magnetic attraction, the rotating split commutator reverses the direction of 
the current through the armature. ‘The poles of the armature become interchanged 
and the poles of the armature and field again repel cach other causing rotation. 
This action continues and causes the armature to continue rotating. Rather than 
a single coil of wire and a commutator that is split in half, the armature actually 
contains a numbcr of coils and the commutator a number of splits that are in- 
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Most starter motors are battery powered although some are powered by 115 volts 
alternating current. 


sulated from each other. This prevents the armature from stopping at a "neutral" 
magnetic position. The armature coils are wound on a laminated iron rotor to 
increase the strength of the magnetic field and subsequently the power of the 
starter. 

The starter motor described uses a battery as the source of electrical energy. 
The electrical energy is transformed to mechanical energy by means of the starter 
motor to start a gasoline engine. The starter motor draws a large amount of 
current from the battery and operates at a relatively low speed with high torque. 
The high current drawn by the motor causes the starter motor to heat up quickly— 
the starter motor should not be continually operated for a period longer than that 
recommended by the manufacturer. If the engine does not start within the specified 


168 CHAP. 6 / Starting Systems 


time, discontinue starting for a few minutes and allow the starter motor to cool. 
Since the starter motor has appreciably discharged the battery by drawing a lot 
of current, the battery must be recharged by a generator so that the battery will 
be sufficiently charged to restart the engine when required. Refer to Section 6-3. 

When the starter switch is closed, a current from the battery passes through 
the switch to a solenoid relay causing the relay to energize (Fig. 6-9). The solenoid 
relay contacts close and the starter motor is connected to the battery; the heavy 
starting current is drawn from the battery through the solenoid (the solenoid is 
used because the high current would cause the starter switch to burn up). The 
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Fic. 6-9. When the starter switch is closed, the solenoid relay is energized. Power from the 
battery is applied through the solenoid relay contacts to the starter. 
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Fic. 6-10. The solenoid may be a part of the starter motor; contacts close to apply power to the 
motor and a mechanical shift arm engages the starter pinion into a flywheel ring gear. 


solenoid may be a part of the starter motor (Fig. 6-10) or it may be separate with 
another solenoid in the starter motor that causes an arm to push the starter pinion 
into a flywheel ring gear. The current through the solenoid and the resulting 
force on the arm overcomes a spring force. The pinion drives the flywheel causing 
the crankshaft to rotate driving the engine through its cycle of intake, compression, 
power, and exhaust. When the engine is started and the starting button is re- 
leased, the spring causes the pinion to disengage from the flywheel. CAdditional 
electrical circuits are shown in Section 6-8 and in Appendix H, illustrations H-8 
and H-10.) 

Some gasoline engines use a starter that is powered by 115 volts alternating 
current instead of a battery. This eliminates the need to recharge the battery and 
thus no electrical generating equipment is needed. But, the engine cannot be 
used unless there is a source of 115-volt alternating current near by. 


6-3. GENERATORS 


If a battery is used as the source of electrical energy to power a starter motor 
to start a gasoline engine operating, a method of recharging the battery must be 
included in the starting system; a generator is used for this purpose. (On some small 
gasoline engines such as those used with lawn mowers, the small starting battery is 
removed and is connected to a small 115 volt AC charger CAC to DC converter) 
to recharge the battery.) A generator, also called a dynamo, is a machine that trans- 
forms mechanical energy into electrical energy. Two outputs are possible from 
different types of generators: alternating current CAC) and direct current CES). 


170 CHAP. 6 ; Starting Systems 


The alternating current must be rectified to direct current to charge a battery (the 
battery current is always direct current). Gencrators also provide electricity for 
lights and other engine or machine accessories and may be a part of the electrical 
system even if a battery is not uscd to start the engine. 


AC GENERATOR 
The AC generator (Fig. 6-11) is usually belt driven by the engine. The belt 
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Fic. 6-11. AC and DC generators are used to power electrical accessories and to recharge the 
battery. An AC generator is shown here; if used to recharge the battery, the AC has 
to be rectified (converted) to DC. 
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causes an armature to rotate within a magnetic field generated by an electromagnet. 
Slip rings are attached to the armature shaft; brushes contact the slip rings and 
provide an alternating current output. As the armature coil rotates within the 
magnetic field, the current output builds from zero to a maximum positive value. 
As the coil rotates, the current induced by the magnetic field starts to decay as 
the coil is changing position between the poles of the magnetic field. The current 
decays to zero and then increases in the opposite direction as the coil rotates again 
toward alignment within the poles of the magnetic field. The current reaches a 
maximum negative value and then begins to decay as the coil continues to rotate. 
A number of coils on the armature keep this alternating voltage at a peak value. 

The output voltage of the generator increases as the speed of the engine in- 
creases. The alternating current output can be used directly for lighting systems, 
but if the AC is to be used to recharge the battery, it must be rectified (converted) 
to direct current. The voltage must also be regulated to the recommended battery 
charging voltage. Refer to Section 6-7. 


DC GENERATOR 


A DC generator is similar to an AC generator except that the output is direct 
current rather than alternating current; thus, no rectification of the output voltage 
is necessary to change the AC to DC. Instead of having slip rings and brushes 
on the armature, the DC generator uses a commutator and brushes. As the arma- 
ture rotates through the magnetic field of the electromagnet, a current develops 
in the armature coil. This current is picked off of the commutator by the brushes 
for the output. The current reaches a maximum and then decays toward zero. 
Just at the point where the coil output would go to zero and then in a negative 
direction, a split occurs in the commutator connecting the brushes to the opposite 
ends of the coil where the current is rising in a positive direction. The output of 
a single coil is a pulsating voltage between zero and a positive value. In actual 
operation the armature consists of a number of coils and a number of commutator 
segments insulated from each other by mica. The brushes pick off the voltage 
from the commutator (which is connected to the coils) so that the resultant 
voltage output remains high Crather than alternating from a high voltage to zero 


and back to a high voltage). 


6-4. ALTERNATOR 


An alternator (Fig. 6-12) is a generator that produces alternating current. It uses 
a stator and a rotor to replace the brushes and slip rings. The rotor turns about 
the stator. 
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An alternator is a generator that produces AC by means of a stator and rotor. 


6-5. MAGNETO-GENERATOR 


Fic. 6-13. 


The magneto-generator (Fig. 6-13) is an alternator that makes use of magnets 
in the flywheel to generate alternating current electricity to power lights and other 
accessories. The electricity, after regulation and reetifieation, can be used to re- 
charge the starting battery. A series of permanent magnets attaehcd to the flywheel 
pass by two generating (armature) coils connected in series and mounted on the 
stator plate under the flywheel. The current generated in the coils is alternating. 
A bridge rectifier circuit is used to convert the AC to DC to charge the battery. 
The DC also powers lights and accessories. 

Figure 6-14 also illustrates a magneto-alternator system. Six permanent magnets 
are mounted on the flywheel providing a rotating magnetic field. A group of 
coils that makes up the stator is mounted behind the flywheel. As the magnets 
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The magneto-generator is an alternator used to power lights and other accessories; the 
AC electricity is rectified in this bridge circuit to provide power for lights and to 
recharge the battery. 
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pass the coils, the coils cut the magnetic field generating AC. A solid-state voltage 
regulator controls the AC voltage and a full wave rectifier converts the regulated 
AC to DC for battery charging and for supplying power to the electrical system. 
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Fic. 6-14. A magneto-alternator system with a DC output consists of magnets on the flywheel, 
a group of coils, and a solid-state voltage regulator and rectifier. 


6-6. MOTOR-GENERATOR 


A motor-generator (Fig. 6-15) combines the functions of both a starting motor and 
a generator into one unit. Thus the motor-generator converts electrical energy 
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Fic. 6-15. А motor-generator combines the functions of both a starting motor and а generator 


into one unit. 
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(battery) to mechanical energy to start the engine and then converts mechanical 
energy to electrical energy to recharge the battery. A starting switch and voltage 
regulator are also used with the motor-generator and battery. A motor-generator 
system offers the convenience of quick and effortless starting as well as available 
electric power for accessories such as lights, horns, blowers, etc. 

When the motor-generator is functioning as a starting motor, series and shunt 
fields aid each other to produce a strong magnetic field to develop as much 
torque as possible. Actually a motor-generator can provide either good starting 
ability with modest charging ability or good charging ability with modest starting 
ability. Performance variations are obtained by using differently wound armatures 
and field coils. The motor-generator is coupled to the engine by a V-belt. 


6-7. REGULATORS 


The DC generator is driven by the engine. When the engine is at normal oper- 
ating speed, the generator output is equal to or higher than the battery voltage 
and charging of the battery takes place; however, when the engine is running 
at slow or idle speeds or is not running at all, the generator output voltage is less 
than the battery voltage and the battery would discharge through the generator. 
To prevent the battery from discharging, a cutout relay is used. 

The output voltage of the generator must be limited to prevent the generator 
voltage from exceeding a specified maximum voltage. This protects the battery 
and other voltage sensitive equipment and accessories such as light bulbs, etc. 
A voltage regulator is the device used to prevent an overvoltage condition. 

A current regulator is a device that limits the generator output so that the 
current does not exceed its rated maximum output. A cutout relay, voltage regu- 
lator, and current regulator are all mounted on a frame and the complete unit is 
known as a regulator (Fig. 6-16). 
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Fic. 6-16. The regulator consists of a cutout relay, a current regulator, and a voltage regulator. 


75 


SECT. 6-7 / Regulators 


The cutout relay has two coils of wire; when an electric current is passed 
through either coil, a magnetic field is set up. The generator is connected to one 
coil and the battery is connected to the other coil (when the cutout relay contacts 
are closed). When the generator output is greater than the battery voltage, the 
coil connected to the generator has sufficient current flow through it to cause 
the relay contacts to close because of the generated magnetic field that pulls a 
movable contact arm to a closed position. When the generator output decreases 
below the output of the battery, the magnetic field of the coil connected to the 
battery cancels the magnetic field of the coil connected to the generator; a mechan- 
ical spring force of the movable contact arm opens the generator output circuit 
to the battery. Thus, the cutout relay prevents the battery from discharging 
through the generator when the generator output is low because the engine is 
running at a speed lower than normal. 

The voltage regulator has a shunt winding consisting of many turns of fine 
wire which is connected across the generator. An accelerator or series winding 
speeds up the action of vibrating contacts. A flat steel armature is attached to 
the frame by a flexible hinge so that it is just above the end of the core. The 
armature contains a contact point which is just beneath a stationary contact point. 
When the voltage regulator is not operating, the tension of a spiral spring holds 
the armature away from the core so that the points are in contact and the generator 
field circuit is completed to ground through them. 

When the generator voltage reaches the value for which the voltage regulator 
unit is adjusted, the magnetic field produced by the winding overcomes the 
armature spring tension, pulls the armature down, and the contact points separate. 
This inserts resistance into the generator field circuit. The generator field current 
and voltage are reduced. Reduction of the generator voltage reduces the magnetic 
field of the regulator shunt winding. The result is that the magnetic field is 
weakened enough to allow the spiral spring to pull the armature away from the 
core, and the contact points again close. This directly grounds the generator field 
circuit and causes the generator voltage and output to increase. This cycle of action 
again takes place and continues at a rate of many times per second, regulating 
the voltage to the predetermined value. 

The current regulator has a series winding of a few turns of heavy wire whieh 
carries all generator output. A flat steel armature is attached to the frame by a 
flexible hinge so that it is just above the core. The armature has a contact point 
which is just below a stationary contact point. When the current regulator is not 
operating, the tension of a spiral spring holds the armature away from the core 
so that the points are in contact. In this position, the generator field circuit is 
completed to ground through the current regulator contact points in series with 
the voltage regulator contact points. 

When the generator output reaches the value for which the current regulator 
is set, the magnetic pull of the winding overcomes the armature spring tension, 
pulls the armature down, and opens the contact points. This inserts a resistance 
into the generator field circuit. The generator output and feld current are re- 
duced. Reduction of the current output reduces the magnetic field of the current 
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regulator winding. The result is that the magnetic field is weakened enough to 
allow the spiral spring to pull up the armature and close the contact points again. 
This directly grounds the generator field circuit, causing the generator output to 
increase again. This cycle is repeated many times per second, limiting the generator 
output so that it does not exceed its rated maximum. 


Figure 6-17 illustrates an electrical system for a typical small gasoline engine. 
The system utilizes an electric starter motor, battery, starting solenoid, ignition 
switch, magneto-ignition system, magneto-generator system, rectifier, light switch, 
and lights. To start the engine, the ignition switch is placed momentarily to the 
START position. Current flow causes the starting solenoid to energize; the starter 
motor is connected through the contacts of the starting solenoid (relay) to the 
positive terminal of the battery. The starting motor cranks the engine causing one 
or more cycles of engine operation—intake, compression, power, and exhaust. 
The magnets in the rotating flywheel induce voltage into the ignition coil which 
causes a spark to jump across the spark plug electrodes to ignite the air-fuel 
mixture in the combustion chamber. 
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Fic. 6-17. This diagram illustrates an electrical system for a small gasoline engine. Can you 


correctly trace the currents through the system? 


After the engine begins to run, the ignition switch returns (by spring force) 
to the ON position. This action breaks the current flow to the starting solenoid 
so that it de-energizes; this in turn breaks current flow to the starter motor so 
that it disengages from the engine and stops cranking. 

The battery charge was somewhat drained by the current necessary to drive 
the starter motor to crank the engine. The battery needs to be recharged; this is 
accomplished by the magneto-generator (alternator) and rectifier. As the engine 
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runs, magnets in the rotating flywheel induce AC voltage into the alternating 
coil. This alternating voltage is converted to direct current voltage by the rectifiers 
(diodes). The output of one of the diodes is directly to the positive terminal of 
the battery for recharging. The other diode output is connected to the light switch. 
When the light switch is closed, the alternator/rectifier circuit provides the 
power to the lighting system. 

Note that the lights can be turned on without engine operation. Power is 
provided by the battery but without a running engine, the battery would slowly 
discharge and the lights would become dimmer. During periods when the engine 
is running at a slow speed, the charged battery keeps the lights bright. 

Note that this system does not include a voltage regulator. When there is no 
voltage regulator, the load (the number of lights and accessories drawing current) 
should remain as the manufacturer recommends. Adding additional accessories 
would load the circuit and cause all accessories to operate below standard—for 
example, the lights would be dimmer. If less accessories are used, the opposite 
effect would take place and it could cause light bulbs to burn out. 


6-9. STARTER MAINTENANCE 


Sections 6-10 through 6-13 cover maintenance of manual starters, starter motors, 
AC and DC generators, and regulators. Since alternators and magneto-generators 
are AC generators, their maintenance is covered under AC generators; likewise, 
since motor-generators are combination starter motors and generators, their main- 
tenance is covered under the applicable individual headings. 


6-10. MANUAL STARTER MAINTENANCE 


Since manual starters are all mechanical, maintenance basically includes disassem- 
bly, cleansing of parts in solvent, inspection of parts for broken gear teeth or other 
broken or worn parts, replacement, and reassembly. Follow the manufacturer's 
specific directions; be sure to disassemble slowly and note the relationship of parts. 
Guidelines for use in maintenance of the crank, kick, rope, and quick release 
manual starter are presented in the following paragraphs. 


CRANK STARTER MAINTENANCE 


The crank is placed onto the end of the crankshaft and when rotated, it 
rotates the crankshaft through its cycle. Inspect the mating surfaces of the crank 
and crankshaft. File off any burrs. If the crank mating surface becomes worn, 


replace the crank. 


KICK STARTER MAINTENANCE 


Kick starter maintenance includes disassembly, inspection for broken or worn 
parts, replacement as required, and reassembly. Disassembly of a kick starter is 
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shown in Figure 6-2. A nut, washer, and pin are removed first. The starter crank 
and pedal are removed next with a pulling tool. The spring and spring shield are 
then removed. The cover is removed exposing the drive sprocket which is re- 
moved with a puller. The magneto-generator is then removed. ‘The starter assembly 
is removed by removing the transfer gear from the transmission. The starter shaft 
assembly is slid out. The starter shaft is then disassembled. 

Clean the parts in a solvent and dry them. Inspect all parts for damaged 
teeth and wear. Replacc as neccssary and reassemble. 


ROPE STARTER MAINTENANCE 


There are two types of rope starters: the simple rope starter and the retractable 
ropc startcr. Maintenance of the simple rope starter includes replacement of the 
ropc, handle, and inspection of the pulley groove that holds the knot of the rope. 
If the groove has burrs, remove them with a metal file. If the rope breaks, replace 
it with a new rope of thc same length. Secure the new rope in the handle and 
tie a knot into the end. 

Replace frayed ropes on retractable rope starters immediatelv. lt is easier to 
replace the rope when it is in one piece; when the rope breaks, the pulley is free 
to unwind violently which can result in a broken spring or other damage. To 
rcpair the retractable rope starter, disassemble thc retractable starter (Fig. 6-4) 
from the engine. Release the spring tension slowly. Remove the rope pulley as- 
sembly, the rope, and finally the recoil spring. Clean and inspect each of the 
parts. Refer to Table 6-1 for problems. Replace parts as required. Coat the recoil 


Table 6-1 
TROUBLESHOOTING CHART FOR RETRACTABLE ROPE STARTERS 


Symptom Probable Cause/Suggested Remedy 


1. Rope does not recoil. A. Bent or broken spring; replace spring. 

B. Spring disengaged; engage spring. 

C. Not enough end play; remove shims. 

D. Starter housing damaged or binding starter 

pulley; replace housing. 

E. Broken rope; replace with proper length rope. 
F. Insufficient tension on spring; rewind spring. 
A 


2. Noisy when running. . Hub rubbing on cup or too much end play; 


use additional washer or shim stock to get 
clearance. 


3. Starter frozen up. Will not pull. A. Starter spring broken and jammed on hub; 
teplace spring. Check hub for damage and 
replace if necessary. 

B. Improper lubrication or dirty; disassemble and 
clean; lubricate with lubriplatc. 
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spring, the inside dome of the housing, and the rope pulley shaft with lubriplate 
grease. Correctly install the rewind spring so that it will wind in the correct 
direction. Install the rope pulley making sure that the spring hooks into the pulley. 
Assemble the pawls Calso called dogs) or washers to the recoil housing shaft or 
rope pulley. Wind the rewind spring by turning the rope pulley. Wind the spring 
completely tight and then back off one turn. Hold the pulley to keep it from 
unwinding and install the starter rope and handle. If the rewind spring is wound 
in the wrong direction or if the spring is not backed off one turn, the spring will 
fail on the first pull of the rope. 


QUICK RELEASE SPRING STARTER MAINTENANCE 


When disassembling the quick release starter (Fig. 6-6), make certain that 
the starter spring is rcleased. Turn the handle a few turns and press the release 
button. Remove the ratchet. Turning in a counterclockwise direction, remove the 
screws which hold the bottom cover assembly to the starter housing. Grasp the 
starter housing top and lightly tap the starter assembly (legs down) on a clean 
workbench holding the starter at arms length with your fingers on the main housing 
assembly only. Tapping will remove the bottom cover assembly spring and cup, 
plunger, and large gear. 


NOTE 


Do not remove the power spring from the power spring 
cup. These are serviced as power spring and cup as- 
semblies only. Mark the position of each spring and cup 
assembly on the double spring starter and replace in same 
relationship. 


The main housing assembly is serviced as a complete assembly and includes 
the handle assembly, shaft, small gear, pawl and spring, etc. 

Remove the bottom cover assembly from the internal assembly. Remove the 
plunger assembly from the power spring and cup. Clean the parts in solvent and 
then inspect for cracks, breaks, or excessive wear on all parts. Replace as necessary. 

Prior to reassembly, apply lubriplate grease to the mating surfaces of all in- 
ternal working parts including both sides of the large gear and to the inside of 
the bottom cover. Reassemble the plunger assembly by sliding the plunger into 
the bushing and sprocket assembly. Install a ball from each side and slide the re- 
tainer into place to complete the assembly. Install the large gear in the housing 
with the beveled side of the gear teeth facing the housing opening. Hook the pawl 
with the gear teeth and apply side pressure to allow the gear to move into place. 

Hold the large gear in place centered to the housing with the handle shaft gear 
and large gear teeth meshed. Then install the plunger assembly through the large 
gear and housing so that the release end of the plunger assembly protrudes through 
the starter housing top. Install the power spring and cup assembly. On double 
spring starters, reinstall the springs in the same position as originally assembled. 
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Use a screwdriver and position the center end of the spring over the plunger as- 
sembly. Care should be taken so that the spring is not pushed out of the spring 
cup. After the spring is hooked over the plunger assembly, push the power spring 
and spring cup assembly against the large drive gear. If the starter has two springs, 
the second spring can also be installed as outlined. 

The starter cover plate assembly is now installed. Be sure that the bushing in 
the cover plate assembly has its thrust side toward the inside. Install the hold-down 
screws and tighten securely. Install the plunger spring into the plunger assembly. 
This spring pushes up the plunger and failure to install it causes the starter to be 
inoperative. Install the drive ratchet gear securely by hand. It is not necessary to 
tighten it with a wrench because it will automatically tighten up with use. Turn 
in a clockwise direction. 


6-11. STARTER MOTOR MAINTENANCE 


Many times what appears to be starter motor trouble is really trouble in another 
item such as the battery, poor, dirty, or loose electrical connections, ignition switch, 
or ignition solenoid (relay). Table 6-2 provides a troubleshooting guide for the 
starter motor. Subsequent paragraphs discuss brush replacement, commutator clean- 
ing, resurfacing the commutator, resoldering the armature coils, tests for short cir- 
cuits in the armature, and lubrication. 

The most frequent maintenance required on a starter motor (Fig. 6-18) is in- 
spection of the brushes and commutator. This is accomplished on most starter motors 
by removing a cover band. Observe the length and condition of the brushes, check 


DRIVE ASSEMBLY 


PLATE (DE) Or 
BUSHING Es L ~ qe" 


ARMATURE 


COVER PLATE (CE) 


S 


END CAP BUSHING 


х0 Y | D @, COIL (SET OF 4) 


SPRING &% 


o? c 09 
у 9 BRUSH HOLDER PLATE 
PROTECTIVE о ча (ОЕ = DRIVE END, СЕ = COMMUTATOR END) 


Frc. 6-18. The illustration shows a disassembled starter motor. 
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Table 6-2 
TROUBLESHOOTING GUIDE FOR THE STARTER MOTOR 
Symptom Probable Cause/Suggested Remedy 
1. Starter does not turn or turns too A. Battery low or dead; recharge or replace as 
slowly. needed. 


B. Electrical connections poor or broken. Clean 
terminals, tighten connections. 

. Faulty starter switch—replace. 

. Brushes, commutator dirty or excessively 
worn. Clean or replace as needed. 


IO 


. Battery charge low—recharege. 

. Battery cables too long or connections causing 
excessive voltage drop. Shorten cable. Clean 
connections. 

. Starter solenoid defective—replace solenoid. 

. Brush tension too low due to excessive wear 
or weak springs. Replace. 

. Engine seized or locked up. Repair engine. 


2. Starter stops when pinion en- 
gages. 


w > 


Em oQ 


3. Starter spins, but will not en- . Pinion sticking in retracted position due to 
gage. dirt or grease on splined shaft—clean. 
B. Chipped teeth on pinion and/or ring gear. 
Replace. 
C. Burrs forming on gear teeth to block engage- 
ment—file edges. 


4. Starter does not disengage prop- A. Pinion dirty or return spring broken. Clean or 
erly after engine starts. replace as needed. 
B. Gear teeth dirty or damaged. File off burrs or 
replace. 


the brush spring tension, and inspect the commutator for dirt, pit marks, an out-of- 
round condition, and high mica insulation between the commutator segments. If 
the brushes are unevenly worn or are less than one-half of their original length 
(less than approximately 5/16 inch on a typical starter motor), replace them. The 
brush springs should have sufficient tension to hold the brushes firmly against the 
commutator. 

To clean or do repair work to the commutator, the starter motor must be dis- 
assembled. Clean the commutator with extra fine sandpaper (Fig. 6-19). A piece 
of sandpaper may be attached to a flat piece of wood; revolve the commutator to 
clean it. Be sure to brush out and vacuum out all of the dirt from the sanding. 

Removal of pitted, grooved, and out-of-round conditions of the commutator are 
accomplished by rotating the armature and commutator in a lathe while the com- 
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Fic. 6-19. Clean the commutator with extra fine sandpaper. You may also back the sandpaper 
with a piece of wood and revolve the commutator to clean it. 


mutator is resurfaced by a cutting tool. Once this is accomplished, the mica insula- 
tion between the commutator sections must be scraped down 1/32 inch below the 
surface of the sections. 

With the starter motor disassembled, inspect the soldered connections from the 
armature coils to the commutator sections. Overheating of the motor could have 
caused the solder to melt and the connections to loosen. Resolder any loose connec- 
tions with a soldering iron and resin core solder (do not use acid core solder). 

Armature coils may short circuit. The complete armature may be tested at one 
time for short-circuits in the armature coils in a test instrument known as a growler 
CFig. 6-20). With the armature in the growler, a thin strip of iron or steel is held 


Fic. 6-20. Armature coils can be checked for short circuits in a test instrument known as a growler. 
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over the armature. A short circuit will cause the strip to vibrate. If a short circuit 
is indicated, the armature must be rewound or replaced. If a short circuit is sus- 
pected in the field coil, replace the coil. 

Grounds in the armature are checked with an ohmmeter (Fig. 6-21). One probe 
of the ohmmeter is placed on the shaft or core and the other is placed on the com- 
mutator sections. If the meter indicates a low reading, the armature is grounded. 


Fic. 6-21. Grounds in the armature are checked with an ohmmeter. 


The field coils (Fig. 6-22) and the armature are tested for open circuits (no 
continuity) with an ohmmeter. Connect the ohmmeter probes to the ends of the 
coils. If the ohmmeter reading is high, the coil is open and must be replaced. 


Fic. 6-22. An ohmmeter is used to test for opens (no continuity) in field coils and armatures. 
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Starter motor lubrication is restricted to periodic lubrication of the drive with 
no. 30 lubricating oil. Most bushings are impregnated with a lubricant and there- 
fore need replacement only if the starter motor is disassembled. Bronze bearings can 
be replaced if they can be pressed out; otherwise, the frame must be replaced. 


QUICK REFERENCE CHART 6-1 
STARTER MOTOR MAINTENANCE 


l. Review Table 6-2 for troubles other than with starter. If the trouble 
is not found, proceed to Step 2. 


Disassemble starter. 
Check brush length and brush spring tension. Replace, if necessary. 


Clean commutator. 


уль WN 


Remove pits, grooves, or out-of-round condition of commutator. 
Scrape mica sections to 1/32 inch below commutator sections. 


6. Check armature coil soldered connections. Resolder with resin core 
solder if necessary. 


Check armature for short circuits. 
. Check armature for grounds. 
9. Check field coils. 
10. Lubricate as specified by manufacturer. 
11. Reassemble. 


ТЕА 


6-12. GENERATOR MAINTENANCE 


Generator maintenance is divided into two areas: AC generators and DC genera- 
tors. Alternating current generators include alternators and magneto-generators. 


ALTERNATING CURRENT GENERATORS 


When the engine troubleshooting procedures have indicated trouble in the 
alternating current generator, the following can be checked or tested: alternator 
coils for opens and correct resistance, brushes and brush spring tension, and the DC 
rectifier circuit used to convert the AC output to DC. First check that the brushes 
are of sufficient length and that the springs are pressing the brushes securely against 
the slip rings. Replace the brushes if they are less than onc-half of their original 
length. 

Before making further tests, ensure that the battery is fully charged (Section 
3-19); if it is not, replace the battery with one that is fully charged. 

To determine if the regulator and rectifier are operating properly, place a DC 
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voltmeter across the battery terminals with the engine off. Record this voltage which 
should be approximately 12 volts Cor 6 volts for a 6-volt battery). Start the engine 
and set the speed to about 2000 rev/min or higher. The battery voltage indication 
should rise within a few minutes to a value of approximately 13.5 volts or higher. 
If it does not there is probably a problem in the regulator/rectifier unit. However 
check the AC generation part of the system first as described in the next para- 
graph. 

To isolate trouble to the AC generator section, disconnect the AC output from 
the regulator and rectifier. Operate the engine (at about 2000 rev/min or higher) 
and the AC generator; measure the AC output with an AC voltmeter and compare 
the value with the value specified by the manufacturer (approximately 17—30 
volts AC). If no value is specified or no meter is available, quickly strike the two 
leads together; if a spark is produced, the AC generator is operating correctly and 
the rectifying system is defective. If there is no spark, stop the engine. Check the 
coils with an ohmmeter. Compare the readings with those specified by the manu- 
facturer. The ohmmeter reading is usually less than one ohm; no reading (a read- 
ing of infinity) indicates that the coil is open and therefore defective. Replace the 
coil. If the coils are within limits, the magnets could be defective, but this is not 
likely. 

The bridge rectifier system (Section 6-5) that converts alternating current to 
direct current is troubleshot as follows. First, connect a DC voltmeter across the 
output of the bridge circuit. If there is no output with the generator running, place 
an AC voltmeter across the input of the bridge circuit. If there is no AC input, 
the generator is defective. If there is an input but no output, then the bridge recti- 
fier is defective. 

The diodes in the bridge rectifier Cer diode rectifiers) are checked when the 
generator is not running. Each diode must have one end unsoldered from the 
circuit. Using an ohmmeter, check the resistance of the diode first in one direction 
and then in the other (the leads of the ohmmeter are placed on each side of the 
diode; then their position is reversed). The diodes should read somewhat less than 
100 ohms in one direction and over 10,000 ohms with the leads reversed. If abso- 
lutely no reading is obtained or if a reading of zero ohms is obtained, the diode is 
defective and must be replaced. 


А 
QUICK REFERENCE CHART 6-2 
ALTERNATING CURRENT GENERATOR MAINTENANCE 


Check brushes and brush spring tension. Replace as required. 
Ensure that battery is fully charged. 

Check correct operation of regulator and rectifier. 

Check the AC generation section of generator. 


Check bridge rectifier. 
a 
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DIRECT CURRENT GENERATORS 


Since direct current generators utilize coils, brushes, and commutators as used 
in starter motors, the maintenance is similar. Brushes should be checked for length 
and tension against the commutator; if the brushes are less than one-half of the 
original size, replace them. 

Inspect the commutator for dirt, pits, grooves, and out-of-round conditions. Clean 
the commutator with extra fine sandpaper attached to a flat piece of wood. Revolve 
the commutator to clean it. Brush and vacuum all of the dirt produced by the 
cleaning. 

Removal of pitted, grooved, and out-of-round conditions of the commutator are 
accomplished by rotating the armature and commutator in a lathe while the com- 
mutator is resurfaced with a lathe cutting tool. Once this is accomplished, the mica 
insulation between the commutator sections must be scraped down 1/32 inch be- 
low the surface of the sections. 

Inspect the soldered connections from the armature coils to the commutator 
sections. Overheating could cause solder to melt. Resolder with a soldering iron 
and resin core solder. 

The armature coils may short-circuit. Test the armature in a growler. Also 
check for grounds and opens. Replace or have the armature rewound if necessary. 


QUICK REFERENCE CHART 6-3 
DIRECT CURRENT GENERATOR MAINTENANCE 


Check brush length and brush spring tension. 
2. Clean commutator. 


Remove pits, grooves, or out-of-round condition of commutator. 
Scrape mica sections to 1/32 inch below commutator sections. 


4. Check soldered connections from armature coils to commutator sec- 
tions. Resolder, as required, using resin core solder. 


Check armature for short circuits and grounds. Replace as required. 
6. Check field coil. 
—. $e з= 


6-13. REGULATOR MAINTENANCE 


Regulator maintenance consists of mechanical and electrical checks and adjust- 
ments. Mechanical checks and adjustments are made with the battery disconnected 
and preferably with the regulator off of the engine. 
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CAUTION 


The cutout relay contact points must never be closed by 
hand with the battery connected to the regulator. This 
would cause a high current to flow through the units 
which would seriously damage them. 


Electrical checks and adjustments are made with the regulator in operating 
position on the engine. The engine is operated at the operating speed for constant 
speed engines and at the governed speed for governed engines. After any tests or 
adjustments are made, the generator must be polarized after the leads are connected, 
but before the engine is started. The generator is polarized by momentarily con- 
necting a jumper between the generator and battery terminals of the regulator. A 
momentary surge of current flows through the generator to correctly polarize it. 
Failure to polarize the generator may result in severe damage to the equipment 
since reversed polarity causes vibration, arcing, and burning of the relay contact 
points. 

A fully charged battery and a low charging rate indicate normal generator- 
regulator operation. A fully charged battery and a high charging rate indicates that 
the voltage regulator is either not limiting the generator voltage as it should or the 
regulator is set too high. A high charging rate to a fully charged battery will dam- 
age the battery and the accompanying high voltage is injurious to all electrical units. 
A high charging rate may result from an improper voltage regulator setting, a de- 
fective voltage regulator unit, a grounded generator field winding, or high tempera- 
ture which reduces the resistance of the battery to charge so that it will accept a 
high charging rate even if the voltage regulator setting is normal. 

If the trouble is not due to high temperature, the cause of trouble can be de- 
termined by disconnecting the lead from the regulator field terminal with the gen- 
erator operating at medium speed. If the output remains high, the generator field 
is grounded either in the generator or in the wiring harness. If the output drops 
off, the regulator is at fault, and it should be checked for a high-voltage setting or 
grounds. 

If the battery voltage is low and there is a high charging rate, the generator 
and regulator are operating correctly. The regulator setting can be checked as out- 
lined in the next paragraph. 

If the battery voltage is low and there is little or no charging, check for: loose 
connections, frayed or damaged external wiring; defective battery; high circuit re- 
sistance; low regulator setting; oxidized regulator contact points; defects within the 
generator; cutout relay not closing; open series circuit within regulator; or the gen- 
erator not properly polarized. If the condition is not caused by loose connections, 
frayed or damaged wires, proceed as follows to locate the cause of the trouble: 

To determine whether the generator or regulator is at fault, momentarily ground 
the field terminal of the regulator and increase the generator speed. If the output 
does not increase, the generator is probably at fault and it should be checked. Other 
causes for the output not increasing may be that the relay is not closing or that 
there is an open series winding in the regulator. If the generator output increases, 
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the trouble is due to either a low voltage (or current) regulator setting, oxidized 
regulator contact points which insert excessive resistance into the generator field 
circuit so that output remains low, or the gencrator field circuit is open within the 
regulator at the connections. 

Burned resistors, windings, or contacts result from open circuit operation, open 
resistance units, or loose or intermittent connections in the charging circuit. When- 
ever burned resistors, windings, or contacts are found, the wiring must be checked 
before installing a new regulator. If not checked, the new regulator may also fail 
in the same way. Burned relay contact points may be due to reversed generator 
polarity. Generator polarity must be corrected after any checks of the regulator or 
generator, or after disconnecting and reconnecting leads. 

The contact points of a regulator will not operate indefinitely without some 
attention. A great majority of all regulator trouble can be eliminated by a simple 
cleaning of the current and voltage regulator contact points and readjustment. The 
large flat point that should be cleaned with a spoon or riffler file is located on the 
armature of the voltage regulator, and is located on the upper contact support of 
the current regulator for negatively grounded regulator units. This contact point 
will usually require the most attention. It is not necessary to have a flat surface on 
this contact point but all oxides should be removed with a riffler file so that pure 
metal is exposed and should be thoroughly washed with trichlorethylene or some 
other nontoxic solution. When cleaning the contacts, it is necessary to remove the 
attaching hardware and the upper contact support. 

The small soft-alloy contact point, located on the upper contact support of the 
voltage regulator and on the armature of the current regulator for negatively 
grounded regulators, does not oxidize. This contact point may be cleaned with 
crocus cloth or other fine abrasive material followed by a thorough washing with 
trichlorethylene to remove any foreign material remaining on the contact surface. 
Remove all oxides from the contact points but note that it is not necessary to re- 
move any cavity that may have developed. 


CAUTION 


Never use стсгу cloth or sandpaper to clean the contact 
points. 
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The fuel system provides the proper mixture of filtered air and fuel to the en- 
gine combustion chamber where the mixture is ignited by the ignition system. The 
power of the burning mixture drives the piston on the power stroke to drive the 
crankshaft and connected machinery or tool. A fuel system consists of a fuel tank, 
fuel filter, air cleaner, carburetor and governor. The fuel tank stores the fuel to be 
burned. The fuel filter and air cleaner remove dirt and other foreign matter before 
the fuel and air arrive in the carburetor; this prevents clogging of the tiny jets in 
the carburetor. The carburetor combines the air and fuel in the proper ratio for all 
speeds and vaporizes the mixture before the mixture is accepted by the crankcase 
of two-stroke cycle engines or the combustion chamber of four-stroke cycle engines. 
A governor is used with most fuel systems to keep the engine operating at a con- 
stant speed with changes in the operating load and to prevent engine overspeeding 
that could damage the engine and the operator. 

This chapter describes the theory of operation and the maintenance of fuel sys- 
tems. The major items covered are: carburetors, governors, fuel tanks, fuel filters, air 
cleaners (filters), a summary, fuel system adjustments, fuel system maintenance, 
and gasolines. 
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This section describes the types of carburetors most frequently used on small gaso- 
line engines. The function and parts of a basic carburetor are discussed first. This 
is followed by a discussion of float valves, diaphragms, fuel pumps, automatic car- 
buretors, touch-and-start primer carburetor, and vapor return lines. 

The mixing of air and liquid fuel into a combustible mixture of the proper 
proportion for burning in a small gasoline engine is called carburetion. The action 
of carburetion takes place in a device known as a carburetor. The basic carburetor 
consists of four parts (Fig. 7-1): an air passage, sometimes referred to as the air 
horn, through which air passes on its way to the crankcase or combustion chamber; 
a supply of fuel held at a constant level or pressure; a fuel hole opening connecting 
a supply of fuel to the venturi area of the air passage; and a restriction in the fuel 
line to proportion the fuel to air ratio. The venturi is a narrow passage that causes 
a low pressure in the area of the air passage just beyond the narrow passage. The 
venturi is also called the carburetor throat. The low pressure causes the fuel to 
come out of the fuel hole. This is due to a difference in pressure between the low 
pressure at the restriction (venturi) and the atmospheric pressure in the fuel tank. 
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A basic carburetor consists of an air passage, a supply of fuel, a fuel hole opening 
connecting the supply of fuel to the venturi, and a restriction in the fuel line to 
proportion the fuel to air ratio. 


When the engine is running, air passes through the air horn (passage) because 
of the difference in pressure between thc outside atmospheric pressure and the de- 
crease in pressure caused by the movement of the piston causing a slight vacuum. 
This pressure difference is, in effect, a suction of air through the air passage. If the 
air passage remained a constant diameter, the flow of air would also remain constant, 
but the venturi, or rcstriction at the carburetor throat, causes the air to speed up. 
The increased speed and resulting suction cause fuel to be pulled from the fuel 
hole into the air passage in the form of a fine spray. (There is a decrease in pressure 
at the venturi and the atmospheric pressure through the vent hole in the fuel sup- 
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ply causes the fuel to flow into the venturi.) As the engine speeds up, the difference 
in pressure increases and the flow of air and fuel increases. 

It is desirable to vary the proportion of fuel to air mixture under certain con- 
ditions. To start a cold engine, it is necessary to have a richer mixture—a greater 
ratio of fuel to air than normal; at idle speeds, it is desirable to have a slightly 
richer mixture; at full load, a slightly richer mixture provides greater power; and 
at normal speeds, a less rich or normal mixture gives the best and most economical 
operation. A slightly richer mixture is necessary at idle speeds because the differ- 
ence in pressure (suction) is not very great and the fuel does not completely break 
down into a fine spray. This results in poor vaporization of the fuel or a lean mix- 
ture (a lean mixture is a lower than normal ratio of fuel to air). To take care of the 
range of mixes required, several jets or fuel holes, a choke, and a throttle are used 
in the air horn. Adjustment screws—main and idle—are used to set up the initial 
operating and idle speeds, respectively. 

The main, or high speed, fuel discharge hole is located in the air horn venturi 
where the air pressure difference is greatest at high speeds (Fig. 7-2). A main ad- 
justment needle valve replaces the restriction (Fig. 7-1) in the high speed fuel jet 
and sets the engine for best operation at full power speed. Primary and secondary 
idle discharge holes are located downstream from the venturi; the secondary dis- 
charge hole is located just ahead of the throttle valve. The idle Cfuel) adjustment 
needle is set to restrict the fuel flow for the best air-fuel ratio at idle speed (this 
adjustment is not available on some carburetors—the idle mixture port is fixed). 
An air bleed hole is designed and built into the carburetor to make it easier to ad- 
just the idle needle valve and to assist in atomizing the fuel. The air bleed reduces 
the rate at which the fuel flow increases under a difference in pressure by permitting 
air bubbles to pass through the idle mixing chamber (Fig. 7-3) and into the passage 
with the fuel. Some carburetors do not have an air bleed since it is not a necessary 
part of the carburetor. 
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The main fuel discharge hole is located in the air horn venturi. Primary and secondary 
idle and an air bleed hole are located at the throttle. 
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AIR BLEED 


CHAMBER 


An air bleed hole is designed into the carburetor to make it easier to adjust the idle 
needle valve and to assist in atomizing the fuel. 


The throttle (Fig. 7-4) controls the engine speed by controlling the flow of the 
air-fuel mixture through the air horn; the faster the air flow, the greater the suction 
at the venturi resulting in more fuel in the mixture. The throttle is very carefully 
located in relation to the secondary fuel discharge hole because the control of the 
air-fuel mixture is so very critical. When the engine is idling, the throttle is almost 
completely closed (Fig. 7-4); very little air is sucked past it. This results in suction 
being applied at the primary idle discharge hole. The suction draws fuel from the 
fuel storage chamber of the carburetor and air is drawn through the secondary idle 
discharge hole and the air bleed hole. The air and fuel mix in the idle mixing 
chamber and exit from the primary idle discharge hole to the engine. The mixture 
is rich. At this idle or low speed no fuel is being drawn from the main fuel dis- 
charge hole because the difference in pressure (suction force) is not strong enough. 
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The throttle controls the engine speed by controlling the flow of the air-fuel mixture 
through the air horn. 


As the throttle is opened to increase engine speed, more and more air passes 
by the throttle plate (Fig. 7-5). The bottom of the throttle plate has changed posi- 
tion and has changed the secondary idle hole from an air inlet port to an air-fuel 
discharge port. This increase in air-fuel flow from the idle mixing chamber balances 
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the increased air flow past the throttle keeping the air-fuel mixture to the engine 
in the correct proportion. 
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As the throttle is opened further, the secondary idle discharge hole changes from an 
air inlet port to an air-fuel discharge port. 


When the throttle is opened further, the pressure at the venturi increases and 
more fuel is pulled from the main fuel discharge hole. When the throttle is wide 
open (Fig. 7-6), almost all of the fuel comes through the main fuel discharge hole. 
The throttle causes additional turbulence of the air and fuel mixture giving a more 
thorough mixture. 
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When the throttle is wide open, almost all of the fuel comes through the main fuel 
discharge hole. 


When a cold engine is to be started, the choke is closed. It blocks off the 
incoming air so that the mixture is rich enough to enable starting of the cold 
engine. The choke (Fig. 7-7) is an elliptical plate with a small metering hole in 
it so that when the choke is closed, a small amount of air still passes through it. 
Large quantities of fuel are drawn through the discharge holes—main, air bleed, 
secondary, and primary—producing a very rich air-fuel mixture. 

A carburetor which has a float valve is shown in Figure 7-8. When no fuel is 
in the float bowl, the varnished cork or metal float rests on the bottom of it. The 
needle valve is unseated. As fuel flows into the float bowl, the float rises on top 
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Fic. 7-7. | When a cold engine is started, the choke is closed blocking off the incoming air so that 
the mixture is rich. 


of the fuel and lifts the float arm around the pivot pin. The steel needle, which 
is attached to the float arm with a wire clip, raises. The rubber tipped needle 
seats in the brass seat, eventually cutting off the flow of fuel into the float bowl. 
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Fic. 7-8. This carburetor uses a float valve to maintain a constant level of fuel in the float bowl. 


As the engine uses fuel, the level of the fuel in the float bowl subsides, The 
float moves downward and moves the needle valve from its seat allowing addi- 
tional fuel to flow into the float bowl to maintain a constant fuel level in the 
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bowl. Operation is automatic; the amount of fuel flowing into the float bowl is 
equal to the amount flowing out. The needle and seat are a "matched set" and 
the need to replace one necessitates replacement of the other. 

A diaphragm type carburetor is used with an engine such as used on a chain 
saw or a recreational vehicle because it can be operated in any position. The float 
bowl carburetor, which was previously discussed, must remain reasonably upright 
to prevent starving or flooding of the engine because of the position of the float. 

The diaphragm carburetor (Fig. 7-9) consists of valves, an inlet and an outlet, 
and fuel and air chambers separated by a diaphragm. The air chamber is vented 
to the atmosphere. As fuel is sucked from the fuel chamber through the fuel 
outlet to the venturi, the atmospheric pressure presses the diaphragm toward 
the fuel chamber. The diaphragm presses against the inlet valve control lever 
and diaphragm spring. Movement of the inlet valve control lever around the 
pivot pin causes the inlet valve to open admitting fuel into the fuel chamber. 
When enough fuel has entered the carburetor, the diaphragm moves toward the 
air chamber closing the inlet valve. In some carburetors, the inlet valve control 
lever is hooked onto the diaphragm; other carburetors use the diaphragm spring 
to hold the lever against the diaphragm. The inlet valve can either be a ball or 
a needle type, but the needle is most often used. 
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An engine having a diaphragm carburetor can be operated in any position. 


Chain saws use a diaphragm pump (Fig. 7-10), which is actually part of the 
carburetor, to pump fuel from the fuel tank to the fuel supply chamber. Crank- 
case pulsations provide the pressure to pump the fuel into the carburetor. When 
the piston moves up in the cylinder, crankcase suction is felt on the dry chamber 
of the pump. This causes the diaphragm to move toward the dry chamber ad- 
mitting fuel past the inlet flapper valve into the fuel chamber. When the piston 
starts downward, a pressure (rather than a suction) is felt on the fuel pump 
diaphragm. This pressure closes the inlet flapper valve and opens the outlet 
flapper valve such that fuel is pumped into the carburetor diaphragm section. 
Repeated up and down strokes of the piston cause the diaphragm to pump fuel 
to the carburetor diaphragm section. 
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Fic. 7-10. Chain saws use a diaphragm pump that is actually part of the carburetor to pump fuel 
from the fuel tank to the fuel supply chamber. 


Figure 7-11 illustrates the complete carburetor used in one manufacturer's 
chain saw. The fuel pump, carburetor diaphragm section, and the venturi and 
air passage are all shown with interconnections. Can you discuss the complete 
theory of operation of this carburetor? 
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Fic. 7-11. This drawing illustrates a complete carburetor used in a chain saw. Can you discuss 
the complete theory of operation of this carburetor? 


The carburetor shown in Figure 7-12 is completely automatic. There are no 
normal carburetion adjustments to be made to regulate the amount of fuel enter- 
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ing the carburetor venturi (in essence industry is trying to rid carburetors of 
adjustments so homeowners do not foul them up). The only adjustment to this 
automatic carburetor is an atmospheric pressure adjustment that is made if the 
engine is operated at very high or very low altitudes. The normal setting of this 
adjustment is three-quarters of one turn from the closed setting Copened slightly 
more at low altitudes and slightly less at high altitudes). With this setting, the 
correct amount of air enters the carburetor bowl vent allowing the right amount 
of fuel to mix with the air entering the carburetor venturi. Keep in mind that it 
is the governor that controls the amount of fuel entering the engine; the atmo- 
spheric pressure adjusting needle is to mix the right amount of fuel with the 
correct amount of incoming air. 
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This carburetor is completely automatic. There are no adjustments except for 
operating altitude. 


The touch-and-start primer carburetor (Fig. 7-13) incorporates a primer. When 
the primer is pressed, air pressure forces fuel from the carburetor bowl into the 
carburetor throat. When the engine is cranked, the intake valve is opened letting 
fuel into the combustion chamber for one pull starting. The fuel that was forced 
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from the carburetor bowl during priming is replaced by fuel from the fuel tank. 
The touch-and-start carburetor is primed by sealing the bowl vent with a 
finger. Depress the bulb to pressurize the carburetor bowl. Crank the engine. 
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Fic. 7-13. When the primer of the touch-and-start carburetor is pressed, air pressure forces fuel 
from the bowl into the carburetor throat. 


Some engines have a carburetor having a vapor return line from the carburetor 
back to the fuel tank (Fig. 7-14). A vapor return line is used if the arca around 
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Fic. 7-14. A vapor return line prevents vapor lock; any vapor formed is directed back through a 
separate return line to the fuel tank where the pressure is relieved. 
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the carburetor or the air into the carburetor becomes hot enough to vaporize the 
fuel inside the carburetor. The pockets of vapor formed stop all flow of fuel— 
the engine is vapor locked and will remain vapor locked until the temperature 
drops low enough for the vapor to return to a liquid state. The vapor return line 
prevents vapor lock; any vapor formed is directed back through a separate return 
line to the fuel tank where the pressure is relieved. 

There are many designs of carburetors. In addition to the carburetors already 
illustrated, Figure 7-15 shows some of the many configurations. Exploded views 
of several carburetors are shown in the maintenance section of this chapter in 


Figure 7-27. 


Fic. 7-15. Carburetors come in many designs. 
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7-2. GOVERNORS 


A governor for a small gasoline engine serves two purposes: it keeps the engine 
Operating at a constant speed when there are changes to the load on the engine, 
and the governor prevents the engine from running at a speed above a predeter- 
mined speed set by the manufacturers engineering design staff. Keeping the 
engine at a constant specd is desirable, particularly in such applications as when 
the engine is used to drive an electrical generator. Speed control is maintained 
from a no load condition to a full load condition. Preventing overspeeding pro- 
tects the engine and the operator from engine speeds that could cause the engine 
to tear apart. 

There are two types of governors: a pneumatic, or air vane governor, and a me- 
chanical, or centrifugal force governor. Both types are linked to the carburetor throt- 
tle and are usually adjustable by one means or another. Initially the throttle presets 
the engine at operating speed. When the load increases (such as when a lawn 
mower runs into extra thick and high grass), the engine speed tends to decrease. 
This causes the governor to operate opening the throttle a little wider to allow 
more air-fuel mixture from the carburetor into the combustion chamber. This 
increases the engine power bringing the engine to the desired speed set by the 
throttle. When the engine speed tends to increase beyond the throttle preset 
speed because of a light engine load, the governor operates to close the throttle 
slightly resulting in a slightly lower engine speed. This back-and-forth action of 
the governor keeps the engine speed relatively constant under all conditions from 
no load through full load. 

Some engines are designed to accelerate freely from idle to governed speed. 
On these engines, tension on the governor spring does not take place until the 
governed speed is reached. 

Not all engines have a governor—only those operated under varying loads. 
Engines such as outboards are operated under constant load in the water and 
do not need a governor. The load is constant at a given throttle speed. 


PNEUMATIC, OR AIR VANE, GOVERNORS 


The air vane, or pneumatic, governor operates with air pressure. A vane is 
located near the flywheel (Fig. 7-16) such that the air flow generated by the 
flywheel blades hits the vane and causes it to change position; the vane is con- 
nected through a mechanical linkage consisting of a rod, plate, lever, and spring 
to the engine throttle. A delicate balance is set up between a spring force and 
the air (pneumatic) pressure on the vane. A decrease in air pressure caused by a 
decrease in flywheel speed (an increase in the load on the crankshaft) is felt on 
the air vane. The spring force overcomes the force on the air vane causing the 
linkage to move and increase the throttle valve opening in the carburetor. The 
engine speed increases to compensate for the additional load on the crankshaft. 
When the load decreases, the engine speeds up; the increased air pressure from 


201 


Fic. 7-16. 


SECT. 7-2 / Governors 


the flywheel blades onto the vane causes the governor linkage to close the throttle. 
Thus the engine speed is maintained relatively constant over the varying load. 
When the engine is not running, the throttle is open; when the engine is running, 
the air on the vane causes the throttle to partially close. 
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The air vane, or pneumatic governor operates with air pressure. 


The vane is made of sheet metal or plastic and pivots within the air-cooling 
shroud. The engine is not to be operated when the shroud is removed because 
the air would not be directed to the vane; hence there would be no governor 
control and the engine could overspeed. The engine speed is set by setting the 
tension on the governor spring. 


MECHANICAL, OR CENTRIFUGAL FORCE, GOVERNOR 


Instead of an air vane, mechanical governors use centrifugal weights, fly- 
weights, or flyball weights on a geared shaft, associated linkages, and a governor 
spring to keep the engine operating at a constant speed. The engine speed de- 
pends upon the initial tension applied to the spring either by a speed adjusting 
lever or by the remote control throttle lever. The weights move in and out by 
centrifugal force as the engine speed increases and decreases, respectively. An 
arm and rod linkage from the flyweight assembly causes the throttle to move. 

For example, if the speed of an engine is reduced due to an increased load, 
the flyweights move inwardly because of a decrease in centrifugal force due to 
the decreased engine speed. Movement through the arm and rod linkage causes 
the governor spring to overcome the flyweight force. The throttle is opened wider 
and the engine speeds up to increase the horsepower and keep the speed constant 
even with the increased load. When the engine speeds up, the centrifugal force 
causes the Ayweights to be thrown outwardly; the throttle is closed slightly and 
the engine is maintained at a constant speed. 

When the engine is not running, the mechanical governor pulls the throttle 
open. As the engine speed increases, the flyweights move out by centrifugal force 
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to close the throttle. At the governed speed flyweights overcome the spring tension 
and the throttle will not open any further. The governed speed can be changed 
by varying the tension on the governor spring. The greater the tension on the 
governor spring, the higher the governed speed. 

The governor shown in Figure 7-17 uses centrifugal weights that are mounted 
on pivot pins on the side of the camshaft or governor gear. As the engine begins 
to slow down from an increased load, the sets of weights allow the governor yoke 
to move toward the cam or governor gear. This lateral movement of the yoke 
activates the governor shaft assembly which transmits the action through connect- 
ing linkage to open the throttle. The movement of the governor shaft and the 
amount that the throttle is opened will be proportional to the loss of engine speed. 
The throttle will open slightly to restore the lost speed. 
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Fic. 7-17. Mechanical governors use centrifugal weights, flyweights or flywheel weights on a 
geared shaft. Centrifugal weights are shown in these illustrations. 


When the load is removed, the governor will reverse the operation to prevent 
the engine from overspeeding. When the engine is stopped, the governor weights 
fall dead toward the center of the camshaft or governor gear allowing the governor 
yoke to move all the way over against the cam or governor gear. This causes the 


governor shaft to open the throttle wide by means of the governor spring and 
connecting linkage. 
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The governor throttle spring is the control or balance acting against the 
centrifugal force produced by the governor weights. The speed of the engine 
depends upon the initial tension applied to this spring either by the speed ad- 
justing lever or by the remote control throttle lever. 

A governor using flyballs inside a governor cup and spacer is shown in Figure 
7-18. The flyballs tend to fly outward because of the centrifugal force caused by 
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Fic. 7-18. This mechanical governor uses flyballs inside of a governor cup. 
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the rotating camshaft. The flyballs press against the cup which is against the 
governor shaft yoke and governor arm and shaft. When the engine speeds up 
from a decreased load, the camshaft speed increases. This causes the flyballs to 
move outwardly from centrifugal force; this moves the governor arm and shaft 
and finally the governor control linkage that closes the throttle valve slightly to 
decrease engine speed. A decrease in engine speed causes the governor to operate 
in the opposite order to that of an increased engine speed. 


7-2. FUEL TANKS 


A fuel tank is a vessel which stores gasoline for four-stroke cycle engines and 
stores a gasoline-oil mixture for two-stroke cycle engines. Fuel tanks are usually 
made of metal although there are some plastic tanks (Fig. 7-19). In addition to 
the storage vessel itself, a tank also has a vented cap, a fuel pickup or valve, and 
a filter. The vented cap allows atmospheric pressure to act on the fuel and for- 
ward it to the carburetor fuel bowl or diaphragm pump when a decrease in 
pressure is caused by piston movement or a pumping action or when fuel flows 
by gravitational force from the bottom of the tank to the carburetor. The ad- 
mission of air also prevents a vacuum from forming in the tank with subsequent 
stopping of fuel flow. 


Fic. 7-19. Fuel tanks take on many shapes. Some are plastic, although most are metal. 


Fuel exits from either a pickup tube or a tube through the bottom of the 
fuel tank. A fuel pickup tube is used when the fuel is pumped from the fuel 
tank. The fuel is exited from the top of the fuel tank in this case. A flexible 
weighted pickup tube is used which goes to the deepest part of the tank when the 
engine tilts. A filter is attached to the end of the pickup tube to prevent foreign 


205 


Fic. 7-20. 


SECT. 7-3 / Fuel Tanks 


matter from exiting from the tank along with the fuel. Refer to Section 3-10 for 
procedures on cleaning the filter and to Section 7-15 for cleaning the fuel 
tank. 

If the fuel is fed to the carburetor by gravity feed, the fuel tank is located 
above the carburetor (Fig. 7-19). An output tube is located in the lowest part 
of the tank for the fuel to run out of. Sometimes a shutoff valve (Fig. 7-20) is 
attached to the bottom of the tank at the output tube. A filter element is located 
just inside the tank. Refer to Section 3-10 for procedures for cleaning the filter 
and to Section 7-15 for cleaning the tank. 


A fuel shutoff valve is sometimes located at the bottom of the tank. 


Trouble that is often difficult to detect is caused by a clogged vent cap. The 
clogging causes a partial vacuum to occur in the tank as fuel flows from the 
tank, but atmospheric pressure cannot enter the tank. This causes the engine to 
run a few minutes and then to stop as the vacuum builds up. With the engine 
stopped, the vacuum decreases and the engine will start again, only to stop run- 
ning again. To quickly determine if an engine with a condition thus described 
does have a clogged vent, momentarily remove the tank cap and determine if 
the problem still exists; if it does not, cover the tank and then clean the vent 
cap (Section 3-11). 

The fuel tank used with some outboard engines is often remote from the 
engine itself. A fuel pump in the engine is used to lift fuel from the tank to the 
carburetor. Priming is achieved by squeezing a primer bulb in the fuel line CFig. 
7-21) several times. The tank air inlet and the fuel outlet are seated until the 
supply line is attached with two valve plungers that depress the valves off their 
seats. A drain screw is provided in the fuel tank to facilitate draining and clean- 
ing. 

Drain and flush the fuel tank at least once a year and at every tune-up or 
major repair. Drain the tank through the drain screw. Flush with clean gasoline. 
Remember, do not store gasoline in the tank over a long period of time. 

The upper housing and fuel line assembly of the fuel tank of an outboard 
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Fic. 7-21. A primer bulb is used to lift fuel from the tank to an outboard engine fuel pump to 
prime the pump. 


engine (Fig. 7-22) connects to the engine via a plastic hose. The hose has a 
connector that attaches to release valves that seat tightly to prevent gasoline or 
fumes from leaking out, but opens to provide a clear passage for air to enter 
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Fic. 7-22. The upper housing and fuel line assembly of the fuel tank of an outboard engine 
connect to the engine via a plastic hose. 
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the tank and for fuel to be drawn out by the fuel pump (outboard engines have 
a diaphragm displacement fuel pump operated by changes in crankcase pressure). 
Air must enter the tank as fuel exits so that a vacuum does not form. A screen 
filters the fuel as it is drawn into the engine. The air inlet disk valve prevents 
fumes from escaping from the tank when the fuel hose is connected, but allows 
air to enter the tank. 

Fuel tank level indicators are incorporated into some fuel tanks; in Figure 
7-23, the fuel level indicator is part of the upper housing and fuel line assembly 
of a portable remote outboard engine fuel tank. The fuel tank level indicator 
consists of a float, indicating arm, support, indicator lens, and hardware. The 
float moves up and down with the level of the fuel and moves the indicating arm 
such that the pointer indicates the fuel level on the indicator lens. 
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Fic. 7-23. Fuel tank level indicators are incorporated into some fuel tanks. 


7-4. FUEL FILTERS (STRAINERS) 


Fuel filters, or strainers, are used to filter out dirt and other foreign matter be- 
fore the fuel enters the carburetor. There are four types of fuel filters: a filter 
that is fixed in the fuel tank, a weighted filter at the end of a hose in a fuel tank, 
a bowl type of filter mounted externally to the fuel tank, and a filter at the end 
of the fuel line at the fuel pump inlet. Refer to Section 3-10 for a further de- 
scription and cleaning procedures for fuel filters. 
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Air filters are used to keep dirt from entering the carburetor with the air which 
is mixed with fuel to develop a highly volatile mixture for combustion in the 
engine combustion chamber. The dirt must be blocked by the filter so that tiny 
dirt particles cannot block the carburetor jets and thereby alter the air to fuel 
ratio causing inefficient operation or loss of operation altogether. Three types of 
air cleaners are used to clean the air drawn into the carburetor: dry filter; oiled 
filter; and oil bath air cleaner. Refer to Section 3-9 for descriptions and cleaning 
procedures. 

It is extremely important to service the air cleaner frequently to clean it and 
reprepare it to trap additional dirt and other foreign matter; failure to do so will 
decrease the performance level and the life of the engine. Perform maintenance 
on the air cleaner at least every 10 operating hours—every 3 to 5 hours in dusty 
environments. Refer to Section 3-9 for service procedures. 


7-6. SUMMARY—FUEL SYSTEMS 


The main elements of a fuel system are: fuel tank, fuel filter, fuel shutoff valve, 
air filter, and carburetor. The fuel system provides the correct air-fuel mixture at 
all engine spceds to the combustion chamber for ignition at the precise time for 
combustion with resulting power to drive the piston down imparting motion to 
the crankshaft. A summary of the functions of the main elements of a fuel system 
and of the carburetor for a typical single cylinder two-stroke cycle engine are 
shown in Figure 7-24. Study the diagram and refer back to applicable theory 
sections if you need review. 


7-7. FUEL SYSTEM ADJUSTMENTS 


7-8. CARBURETOR ADJUSTMENTS 


Minor engine tune-ups that should be performed on the majority of small gaso- 
line engines brought into the repair shop and can also be performed by the do-it- 
yourself repairman include carburetor and governor adjustments. These adjust- 
ments are also made after fuel system repairs. 


The initial main fuel and idle fucl carburetor adjustments should be made as 
recommended by the manufacturer (Refer to Fig. 7-2). Remember with two-cycle 
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Fic. 7-24. Beview this diagram of a two-cycle engine. If necessary, refer back to the text for 
detailed theory. 
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engines, a change in carburetor adjustment also changes the amount of lubrication; 
don't change the carburetor settings unless absolutely necessary. To readjust, stop 
the engine and turn both the idle fuel and main fuel (high-speed) adjusting 
needles all the way in. Turn the needles with your fingers—do not force the 
needles closed; you could damage the needle and seat. Then open Ccounterclock- 
wise rotation) the needles the number of turns recommended by the manufacturer 
(usually about 1 to 1% turns). Turning the adjustments clockwise causes the 
mixture to become more lean (less fuel in proportion to air); counterclockwise 
rotation causes the mixture to become richer. Fill the fuel tank to one-half capacity 
and restart the engine. After the engine is restarted, and operating at normal 
temperature (and load, if possible), slight readjustment may be made for best 
performance. Make sure that lean settings are avoided on two-cycle engines be- 
cause sufficient amounts of lubrication may not be available to prevent the scoring 
of cylinder walls and other damage. Figure 7-25 illustrates the initial settings for 
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Fic. 7-25. The carburetor is initially set by using your fingers to rotate the main fuel adjustment 


and the idle fuel adjustment closed; and then by rotating the adjustments 1 to 1% turns 
counterclockwise. 
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the idle fuel and main fuel needle adjustments for one manufacturer’s two-cycle 
single cylinder diaphragm type carburetor engine. General carburetor adjustments 
are given in the following steps for use when manufacturer’s directions for specific 
engines are not available: 


1 


Fully open the choke (Fig. 7-26). 


CHOKE LEVER 


CHOKE PLATE 


IDLE STOP LEVER MAIN ADJUSTING 

AND THROTTLE SHAFT NEEDLE 

IDLE ADJUSTING 
NEEDLE 


Fıc. 7-26. The main fuel adjusting needle is adjusted for smooth engine operation when the 
throttle is 24 to 34 open; the idle fuel adjusting needle (if available) is adjusted for 
smooth engine operation with the throttle at idle. The idle speed adjusting screw sets 
the idle speed. 


2. 


Set the throttle to а position corresponding to two-thirds to three-fourths 
of the maximum speed. 


NOTE 
The following adjustments are made in one-eighth turn 


increments. Wait approximately five seconds between in- 
crements to give the engine time to respond. 


Adjust the main fuel high-speed needle (usually the larger physical size 
of the two adjustments—the main fuel high-speed and the idle fuel 
adjustments) to a position where the engine runs its fastest and smooth- 
est. If this adjustment is made with the engine under load, this is the 
correct setting. If the engine is not under load, open the needle an 
additional one-eighth turn. 

Close the throttle control to the idle position. 
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Adjust the idle fuel needle varying the engine speed until the smoothest 
operation is attained. This adjustment is not available on some carbure- 
tors because the idle mixture port is fixed. (Refer to Fig. 7-2.) 

Adjust the idle speed adjusting screw for proper idle speed. Use a vi- 
brating tachometer and the manufacturers specification, if available. 
The idle speed is usually about one-half of the maximum operating 
speed. If the engine has a governor, manually hold the throttle closed 
while making this adjustment. This idle speed adjustment is a mechan- 
ical stop adjustment (rather than a fuel mixture adjustment) on the 
throttle stop lever made to prevent the throttle valve from closing com- 
pletely causing the engine to stall. 

Move the throttle quickly from idle to three-fourths of the maximum 
power position. The engine should accelerate smoothly; if it does not, 
the fuel mixture is too lean. Headjust the high-speed needle for a 
richer mixture and accelerate again. If the engine smokes excessively or 
appears sluggish, the fuel mixture is too rich. Readjust the high-speed 
needle and repeat the acceleration test. 


QUICK REFERENCE CHART 7-1 
CARBURETOR ADJUSTMENTS 


Turn idle fuel and main fuel Chigh-speed) needle adjustments all 
the way in by hand. 


Open needle adjustments 1 to 1% turns. 

Start engine and let it reach operating temperature. 

Apply normal engine load, if possible. 

Fully open choke. 

Set throttle to 2 to 34 maximum speed. 

Adjust main fuel high-speed needle until engine runs its fastest and 
smoothest. (If engine is not under load, open needle additional % 
turn. ) 

Close throttle to idle position. 


Adjust idle fuel needle until engine runs smoothest (this adjustment 
is not available on some carburetors because the idle mixture port is 


fixed). 
Adjust idle speed adjusting screw for proper idle speed. 


Check that engine accelerates quickly from idle to 34 of maximum 
speed. If it does not, refer to Section 7-8. 


Ы 
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7-9. GOVERNOR ADJUSTMENTS 


If the governor is not governing the engine at the proper speed, it should be 
adjusted. A tachometer is required to set the engine to the desired speed. Some 
governors are adjusted by rotating a screw; on others, it is necessary to bend the 
linkage or lever slightly or to change the governor spring to one having the 
correct tension; do not stretch the existing spring; replace it (Figs. 7-16 to 7-18). 
Do not increase the speed of the engine beyond the design limitations; increased 
speed can cause damage to the engine and harm to the operator. 


7-10. FUEL SYSTEM MAINTENANCE 


If the small gasoline engine troubleshooting procedures in Chapter 9 indicate 
trouble in the fuel system, then it is necessary to perform maintenance on the 
fuel system. This maintenance may include inspection, cleaning, adjustment, and 
replacement of faulty parts. Many times, adjustment of the carburetor will repair 
the fuel system without the need for disassembly, internal cleaning, and repair 
of internal parts. If adequate preventive maintenance is performed on the engine, 
there is usually little need for corrective maintenance. 

The following paragraphs cover maintenance of carburetors, fuel pumps, gov- 
ernors, and fuel tanks. 


7-11. CARBURETOR MAINTENANCE 


Carburetors can be completely disassembled for inspection and repairs. Refer to 
the manufacturer's specific recommendations for a speeific carburetor. An abbrevi- 
ated typical manufacturer's repair procedure is included in this section as a guide. 
Repair kits containing replacement parts are available for most carburetors. 

For carburetor disassembly, select a clean work area; dirt and carelessness are 
the causes of most carburetor trouble. Be aware that some solvents and cleaners 
have a damaging effect on the synthetic rubber parts used in carburetors. It is 
best to use a petroleum product for cleaning. Do not use alcohol, acetone, lacquer 
thinner, benzol, or any solvent with a blend of these ingredients unless the rubber 
parts and gaskets are removed. If you are in doubt about a solvent, test an old 
used part in it and observe the reaction. Figure 7-27 illustrates exploded views of 
a number of carburetors used in small gasoline engines. Study the construction of 
each. 

A typical carburetor is cleaned, disassembled, inspected, repaired, and re- 
assembled as follows Cinstall new gaskets at all times): 
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Fic. 7-27. Carburetor designs are many and varied. Study the construction of each of these designs. 
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Fic. 7-27. (Continued) Carburetor designs. 
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Fic. 7-27. (Continued) Carburetor designs. 
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Fic. 7-27. (Continued) Carburetor designs. 


1. Clean the carburetor by flushing it with fuel. Blow it dry with com- 
pressed air. Do not dry the carburetor or other fuel system components 
with a cloth because lint may stick to the parts and cause trouble in 
the reassembled carburetor. 

2. Inspect the carburetor for cracks in the casting, bent or broken shafts, 


loose levers or swivels, and stripped threads. Repair or replace parts 
or the complete carburetor. 
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Inspect all valve needles for grooves or other defects (Fig. 7-28). If 
grooved or otherwise defective, replace. Use a magnifying glass for 
inspection. Inspect the valve seats and associated hardware. Most needle 
valves and scats are matched pairs; replacement of one necessitates re- 
placement of the other. 


GOOD WORN 


Fic. 7-28. Inspect needle valves and seats for grooves and other defects. 


ae 


10. 
Ig 


Remove the filter cover, cover gasket, and filter screen. Clean the 
filter screen by flushing it with solvent. 


Remove the fuel pump cover casting, fuel pump diaphragm, and gasket. 
Inspect the pump diaphragm—it must be flat and free of holes. 


Remove the diaphragm cover casting, the metering diaphragm and 
the diaphragm gasket. Inspect the diaphragm for holes, tears, and 
imperfcctions. 

Remove the fulcrum pin retaining screw, fulcrum pin, inlet control 
lever, and inlet tension spring. Use caution in removing these parts 
because the spring pressure may causc thc inlet lever to fly out of the 
casting. Inspect the parts for wear or damage and replace as required. 
The inlet control lever must rotate freely on the fulcrum pin. Do not 
strctch the spring. 


Inspect the idle bypass holes to insurc they are not plugged. Do not 
push drills or wires into the metering holes because they could alter 
carburetor performance. Blow plugged holes clean with compressed air. 
Remove the main nozzle check valve and inspect it. Replace if defective. 
Remove thc throttle and choke plates. The edges are tapered for exact 
fit into thc carburetor bores. Remove screws and pull the shafts out of 
the casting. Examinc for wear and replacc as necessary. 

Clean all parts, inspect, and reassemble. 


The reed plate (two-cycle engines) can be cleaned with solvent when 
the carburetor is cleancd. Refcr to Scction 2-30. 
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QUICK REFERENCE CHART 7-2 
CARBURETOR MAINTENANCE 


1. Select clean work area. 
2. Clean carburetor in solvent and blow dry. 


3. Inspect for cracks, broken shafts, loose levers or swivels, and stripped 
threads. Repair or replace. 


Inspect needle valves and seats. Replace, if required. 
Clean iter. 

Inspect fuel pump. 

Inspect diaphragm. 


Remove and inspect internal parts. 


Wo бэ SI Ол Em ge 


Inspect idle bypass holes. Blow with compressed air to clean. 


10. Remove throttle and choke plates. Examine for wear. Replace, if 
required. 


11. Clean all parts and inspect. 
12. Reassemble. 


7-12. CARBURETOR FLOAT VALVE MAINTENANCE 


Some of the problems that can occur with the float valve are listed in Table 7-1. 
Float valve adjustments are discussed in the next paragraph. 

There is a possibility that the float may require adjustment from time to time. 
This is accomplished by removing the float bowl and gasket. Invert the carburetor 
and adjust the float by bending the float arm with a pair of needle nose pliers. 
Do not apply pressure to the cork float. The top of the float cork is set a specified 
distance from the edge of the carburetor body; refer to the specific manufacturer's 
recommendations (Fig. 7-29). 


ADJUST FLOAT 
BY BENDING 


Fic. 7-29. Adjust the carburetor float by bending the float arm. Refer to the manufacturer's 
specifications for the correct distance. 
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Table 7-1 
FLOAT VALVE PROBLEMS 


Cause Effect Remedy 
Gum in fuel. Stops up openings. * Clean out carburetor 
with solvent. 
Spring wire clip comes off. Needle may stick shut. Replace clip. 
Needle and seat not Fuel supply can't be shut Replace needle and seat 
matched. off from float bowl. as an assembly. 
Float arm not set right. Set too high—carburetor Set correctly. 
floods. 
Set to low—carburetor Set correctly. 
starves. 
Pivot pin corroded or bent. Float sticks. Replace pin. 
Float striking nozzle. Float sticks. Replace float. 
Varnish off float. Float soaks up fuel, chang- * Replace float. 


ing floating characteristics. 


* Never allow a strong solvent to come in contact with the float. Sometimes the float is varnished 
cork. If the solvent removes the varnish, the float will absorb gasoline and its floating char- 
acteristics will change. 


7-13. DIAPHRAGM FUEL PUMP MAINTENANCE 


If fuel is not reaching the carburetor, check the fuel pump. Diaphragm pump 
failure is usually due to a leaking diaphragm, valve, valve gasket, a weak or broken 
spring, or wear in the drive linkage. Disassemble, inspect the parts, make necessary 
replacements, and reassemble. A repair kit is available for some carburetors (Fig. 
7-30). 

Outboard engine fucl pumps are diaphragm-displacement pumps. If the 
pump is suspected of being faulty, it can be removed and tested; a faulty pump 
is not repairable and must be replaced. Before removing and testing the fucl pump, 
remove, clean, and reinstall the fuel filter (Section 3-10). Also remove the fuel 
line and blow through all passages and lines with compressed air to be sure they 
are not clogged. If these steps do not cure the problem, the fuel pump is probably 
bad and should be replaced. If a pressure gauge and tachometcr are available, 
the fuel pump can be tested as follows (Fig. 7-31): 


1. Connect a fuel pressure gauge between the carburetor and the fuel pump. 


2. Loosen the fuel tank cap to release any pressure. 
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Fic. 7-30. Diaphragm fuel pump failures are usually due to a leaking diaphragm, valve, valve 
gasket, a weak or broken spring, or wear in the drive linkage. 
ENGINE GAGE 
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VENTED 


CARBURETOR 


HOSE AND PRIMER BULB ASSEMBLY 
Fic. 7-31. This test setup is used to test an outboard engine fuel pump. 
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3. Start the outboard engine and check for the following pressures at the 
indicated speeds: 


RPM PSI 
600 ] 

2500-3000 l5 

4500 2.5 


7-14. GOVERNOR MAINTENANCE 


Governors should always be repaired to prevent the engine from overspeeding. 
Replace broken plastic air vanes. Straighten or replace bent metal air vanes. Re- 
move bends or dents in the shroud so that the air blast generated within the 
shroud by the flywheel blades is properly directed to the air vane. 

Inspect the parts of mechanical governors for wear, possible damage, or bent 
flyweights or flyweight supports. Check that the collar or thimble operates freely 
on the camshaft or governor gear and that the governor shaft moves freely in 
the bushing. The flywheel needs to be removed to repair externally mounted 
centrifugal governors. The engine has to be disassembled to repair internally 
mounted centrifugal force governors. Adjust governors in accordance with the 
procedures in Section 7-9. 


QUICK REFERENCE CHART 7-3 
GOVERNOR MAINTENANCE 


1. Replace broken plastic air vanes. Straighten or replace bent metal air 
vanes. 


2. Remove bends or dents from shroud. 
3. Inspect parts for wear or damage. Replace, as required. 


Adjust as per Section 7-9. 


7-15. FUEL TANK MAINTENANCE 


Fuel tank maintenance includes cleaning the tank and repairing holes in the tank. 
Clean the vent cap (Section 3-11), filter (Section 3-10), shutoff valve and the 
tank itself. Close the fuel shutoff valve and disconnect the hose between the 
tank and the carburetor. Clean the tank by swishing and pouring out the gasoline; 
partially fill the tank with fresh, clean, gasoline, swish, and discard again. Fill 
the tank with fresh, clean, fuel (with the proper ratio of fuel to oil for two-cycle 
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engines). Open the fuel shutoff valve and let about a cup of fuel run out. Tum 
the shutoff valve off, reconnect the hose, and discard the fuel in the cup. 

Holes in metal fuel tanks can be repaired by soldering them. First remove 
the tank from the engine and then discard all fuel and let the tank dry thor- 
oughly. Then, using correct soldering procedures, solder the holes which cause 
the leaks (be sure to remove all paint and rust from the area to be soldered). 

Small holes in plastic tanks can be repaired with a warm soldering iron. 
Remove all fuel and let the tank dry thoroughly. Apply heat to the area to soften 
some plastic which can be moved to the area of the hole to cover it. 


FUEL TANK LEVEL INDICATOR MAINTENANCE 


Remove the fuel level indicator and upper housing and fuel line assembly 
(Fig. 7-23). Be careful not to damage the indicator float or the fuel line screen. 
Check for free movement of the indicator on the indicator pin. Inspect the indi- 
cator to insure that the float arm is not bent and that the float is not damaged 
or oil soaked. Lift the indicator lens out of the upper housing and clean it with 
solvent or soap and water. Check the seal and gasket for cracks or shrinkage that 
could cause leakage. 


UPPER HOUSING AND FUEL LINE ASSEMBLY MAINTENANCE 


Dirt may keep the release valves (Fig. 7-22) of the upper housing and fuel 
line assembly from seating properly. This could cause fuel and fuel vapor to leak 
out. The valves are cleaned by removing the core plugs and disassembling. Re- 
place the valve seat O-rings with new rings to insure a tight seal. The disk valve 
spring retainer is staked to the upper housing and is removed, if necessary, by 
filing off the burrs. Restake the retainer with a small punch. 


FUEL HOSE AND PRIMER BULB MAINTENANCE 
Check the fuel hose and primer bulb (Fig. 7-21) for cracks. Replace immedi- 


ately if hairline cracks are indicated. 


REASSEMBLY OF FUEL SYSTEM COMPONENTS 


Whenever a part of the fuel system, particularly the carburetor, is disassem- 
bled, new gaskets should be installed. This will prevent problems from arising 
on reassembly or soon after. When installing nozzles in the carburetor, unscrew 
the control knob a few turns to avoid accidentally tightening the needle onto 
the scat too tightly which could damage both the needle and the seat. 


7-16. GASOLINE. — —————————————————————————— 


Gasoline is a hydrocarbon—that is, it is chemically made up of atoms (Section 
4-1) of hydrogen and carbon. These atoms are split apart when the air-gasoline 
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mixture is burned. The atoms combine with the atoms of oxygen in the air to 
form carbon dioxide and water. 

Gasoline is refined from petroleum, or crude oil. By itself, gasoline is not satis- 
factory to give maximum engine performance while also protecting the engine. 
Thus additives are added to the basic hydrocarbon to make a gasoline having the 
necessary desirable characteristics. Some of these desirable characteristics are: 


l. vaporization at low temperatures, different altitudes, and different climates 
for starting ease. 


prevention of gum formations. 
antirust and anti-ice Cin the carburetor) properties. 
antiknock properties. 


must not deteriorate during short storage periods. 


ON SS prt el 


must burn cleanly to reduce air pollution. 


An octane rating is a measure of the anti-knock qualities of gasoline. Iso-octane 
produces the least knock and is rated at 100. Normal heptane produces the most 
knock and is rated at zero. A fifty-fifty mixture of iso-octane and heptane results 
in a mixture rated at 50. 

Higher octane gasolines are used with engines having higher compression ratios 
CSection 2-8). The higher the octane rating, the higher the resistance to knock. 
The following can be used as a guide: 


Compression Ratio Gasoline Octane Rating Desired 
zall G FA Low grade 70-85 
Dolce Regular grade 88—94 
Oto TOS Premium 100 

Tte ass lOS Super premium Over 100 


A good quality regular gasoline with an octane rating of at least 92 is recom- 
mended for some two-cycle engines. Premium grades may also be used and may be 
beneficial especially in warmer weather to prevent detonation or after-run condi- 
tions. Heavier buildup should be expected in the combustion chamber when using 
premium gasoline because these fuels contain greatcr amounts of lead additives 
which leave deposits. New nonleaded gasolines are not yet approved for some two- 
cycle engines. 

Most small gasoline engine manufacturers recommend the use of regular grade 
automobile engine gasoline. Additives should not be used. Some manufacturers 
recommend lead free or leaded regular gasoline. The use of highly leaded gasoline 
should be avoided, however, as it causes deposits on valve seats, spark plug points, 
and on the cylinder head; this shortens engine life. 

Always use the type of gasoline specified by the manufacturer. The gasoline 
should be clean and fresh. Do not use gasoline that has been stored over a period 
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of time because stored gasoline becomes gummy and can cause the carburetor and 
ports within the small gasoline engine to become clogged. 

The desirable attribute of gasoline to easily vaporize presents a hazard to the 
user. When combined with air, it presents an extremely volatile atmosphere. Be 
sure that gasoline is stored in tightly sealed metal containers so that vapors cannot 
escape into the air. The metal containcr also protects against breakage if the con- 
tainer is accidentally dropped. Gasoline, as well as other volatile liquids, can evapo- 
rate into the air in a room if the container is not tightly closed. The introduction of a 
spark such as the turning on of a light switch or motor, a gas pilot, or a cigarette can 
cause an immediate violent explosion. Refer to Section 1-4 for additional informa- 
tion on the safc handling of gasoline. 


7-17. PREIGNITION AND DETONATION 


Two terms that you should be familiar with are preignition and detonation; both 
have undesirable cffects that cause engine damage. Preignition is combustion caused 
by any hot spot such as a glowing carbon particle, a rough metal edge, improperly 
seated valves, or an overheated spark plug, before the spark from the spark plug is 
timed to fire the air-fuel mixture in the combustion chamber (Fig. 7-32). Preignition 
causes loss of power because thc too early combustion pressures try to drive the 
piston down while the crankshaft and flywheel are driving the piston up. Preignition 
succecds in slowing the piston down. 


PRE-IGNITION 
HOT SPOT FIRES 
FUEL TOO SOON 


Fic. 7-32. Preignition causes loss of power. 


Detonation is combustion caused by a glowing carbon particle, or by a hot spot, 
at the same time as the ignition system spark fires the air-fuel mixture (Fig. 7-33). 
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Instead of a smooth wave of burning which results in lots of power, detonation 
causes at least two simultaneous waves of burning and the air-fuel mixture is 
burned too quickly releasing all the power at once. The excessive heat and pressure 
try to slap the piston down instead of shoving it down. The slap is heard every time 


an engine pings. 


ieee 
= 
—3 DETONATION CAUSED BY 
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Fic. 7-33. Detonation seriously damages a piston head. 


8-1. PURPOSE OF LUBRICATING OILS 
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Oil is used in small gasoline engines to lubricate, cool, clean, and seal. The oil 
used must be the correct oil recommended by the engine manufacturer and it must 
be used in the correct amount and changed periodically (Table 3-1). 

This chapter provides information on oils, two-cycle engine lubrication, four- 
cycle engine lubrication, and additional lubrication points on small gasoline engines 
and machinery. Lubrication system maintenance consists only of periodic main- 
tenance and of inspection and replacement of parts when the engine is disassembled. 
Chapter 3 provides periodic maintenance instructions for checking the oil level and 
changing the oil in the four-cycle engine (Section 3-13); lubricating the two-cycle 
engine (Section 3-14); and lubrication of nonengine parts (Section 3-15). 


Oil is essential to engine performance and durability. It provides lubrication, cool- 
ing, cleaning, and sealing. Without sufficient oil, engine parts will quickly seize 
and the engine will burn up. 

The main purpose of a lubricating oil is to reduce the friction between moving 
metal surfaces of engine parts such as between the crankshaft journals and main 
bearings, connecting rod end cap and crank, or between the connecting rod small 
end and the piston (wrist) pin. As you know, friction is a resistance to motion be- 
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tween two moving surfaces that contact each other; friction causes heat. The part 
surfaces are designed with allowances such that there is a small gap between the 
surfaces for a layer of oil Cand for expansion of the metal parts from heat). The 
layer of oil between the moving parts greatly reduces the friction between the parts. 
This in turn reduces the heat buildup resulting in less engine wear and increased 
power. In addition to reducing friction between moving parts, the layer of oil be- 
tween thc parts acts as a shock absorber. For example, when combustion occurs, 
the powerful force drives the piston down. This force is felt through the connecting 
rod to the crankshaft. The shock of these forces is partially absorbed by the layer 
of oil that is sandwiched between the mating parts; the oil is then squeezed out 
from between the parts. 

Lubricating oil also dissipates heat, particularly in four-cycle engines. Oil is 
splashed or pumped onto all moving mating surfaces. The oil droplets fall off the 
parts and run down thc cylinder and crankcase walls or simply drip to the base 
of the crankcase. The oil imparts the heat to the metal walls which are air- or 
water-cooled to dissipate the heat. The splashing or pumping of oil streams onto 
the engine parts also cleans the parts. Dirt, carbon, microscopic metal pieces, and 
other foreign matter are rinsed to the bottom of the crankcase. Periodic oil changes 
remove this matter (called sludge) from the crankcase and replaces the dirty oil 
with clean oil for continuing rinsing during engine operation. Bathing of the parts 
with oil also prevents rusting of the parts from moisture caused by condensation 
and as a byproduct of combustion. 

Oil also aids to prevent the power of the combustion force in the combustion 
chamber from escaping between the piston rings and the cylinder walls into the 
crankcase. Thus blow-by is reduced resulting in more power transfer to the crank- 
shaft. The oil clings in the piston oil ring(s), the piston grooves, and on the cylinder 
walls to make an airtight seal against the escaping gases of combustion. 

Add quality grade lubricating oils according to manufacturer's recommendations 
(Sections 3-13 and 3-14); quality oils used as recommended will help ensure that 
the engine will operate over its expected design life. But even quality oils begin 
to break down and lose their propcrtics during the first use. This is largely due to 
accumulation of contaminants—water, sludge, carbon, gum, acids, dirt, lacquer-like 
substances, and fine metal particles. The oil filter Cif there is one) does not remove 
all of this contamination; therefore the engine oil requires periodic changing. 

If the engine oil level drops below the recommended level, engine lubrication 
is inadequate; there may not be sufficient oil to allow the lubricating system to 
operate adequately. Friction increases because of lack of lubrication; this causes the 
parts to heat excessively. Excessive heat causes additional metal expansion that 
further increases friction—and the cycle continues to spiral. There is no lubricant 
to be thrown onto thc parts; heat dissipation by oil flow to the air- or water-cooled 
crankcase ceases. More friction also causes more microscopic metallic picces because 
of metal moving over metal; these pieces are not cleaned off when the oil is not 
applied to the surface because of an inadequate supply of oil to the slinger or pres- 
sure system. 


The lack of lubricating oil is most significant in the four-cycle engine because 
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of the method of operation of the lubricating system (Section 8-5). T'wo-cycle en- 
gines do not have a lubricating system. Oil is mixed in proper proportion to the 
fuel. If the engine has fuel, it has lubricating oil (presuming the oil was properly 
mixed into the fuel, Section 3-14); if the engine runs out of fuel, it runs out of 
lubricating oil, but at least the engine cannot run. 


Oils are made by many different manufacturers and are designated by the Society 
of Automotive Engineers (SAE) and the American Petroleum Institute САРІ). 
Different oils with different viscosities and different additives are used for specific 
applications and environments. Engine manufacturers specify the type of oil to be 
used in their product; the specified oil is determined by designed engine part clear- 
ances and expected operating temperatures. After considerable use of the engine, 
the manufacturer may recommend the use of a heavier weight oil. 

Viscosity is the tendency of an oil Cor other substance) to resist flowing. An 
increase in temperature reduces the viscosity—the oil loses body and gains fluidity. 

Engine oils are specified by weight which is an indication of the thickness of 
the oil. A heavier oil is therefore a thicker oil. 

Engine oil weights are specified by SAE designations ranging from 5W to 50; 
the letter W indicates oil that is used in temperatures below freezing. The oils most 
often used are 10W, 20W, 20, and 30; 10W and 20W oils are used most frequently 
in the winter and 30 oil most frequently in the summer. A lower number (as 5 or 
10) indicates a thinner (less viscous), but a more fluent oil; the lower the number, 
the lower the temperature at which the oil will flow. Multiviscosity oils span several 
oil viscosities. For example, SAE 10W-30 contains 10W low viscosity Cthin) oil, 
20W, and 30, a high temperature viscosity oil. A 30 oil is a heavier (less viscous) 
oil than a 20W oil. 

Oils are designated for use by the API; the designations range from use under 
mild conditions (SA) to use under extremely severe (SE) conditions. Most small 
gasoline engine manufacturers recommend oils with SC or SD designations. 

The SD oil (formerly rated MS—severe) protects against operation under most 
unfavorable or severe conditions such as numerous starts and stops, high loads, 
high temperature operating, overloading, or operation at extreme or maximum 
speeds. SD rated oils are adequate for most any application of four-cycle air-cooled 
engines. The SD oil also protects against engine deposits, rust, corrosion, and wear. 

SC oil Cformerly suitable for MS) has about the same characteristics as SD, 
but not as effective. It provides control of high and low temperature engine deposits, 
corrosion, and part wear. 

SB rated oils (formerly MM—moderate) are for operation under mild condi- 
tions when minimum protection is required; SB oils should not be used under 
severe conditions. SA oils (formerly ML—light) have no set performance require- 
ments and are not recommended by small gasoline engine manufacturers. SE oils 
(for service under extreme conditions) provide more protection against oil oxida- 
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tion, high temperature engine deposits, rust, and corrosion than do the SD or SC 
oils. SE oils are used for engines operating in extreme eonditions such as short, eold 
weather operation, and high-speed, hot weather, long operating period uses. 

Pure oil could not perform its functions of lubrication and protection under 
adverse operating conditions; additives must be added. The additives inelude: pour 
point depressants; oxidation, rust, and eorrosion inhibitors; detergent; foam in- 
hibitors; and extreme pressure agents. Pour point depressants keep the oil a liquid 
at very low temperatures—they make the oil pour easily in cold weather. Oxidation, 
rust, and corrosion inhibitors prevent oxidation, rust, and corrosion eaused by water, 
acids, and other by-products of high combustion temperatures. Detergents prevent 
the formation of sludge, gum, and varnish thus helping to keep the engine clean. 
Foam inhibitors keep the oil in the crankcase from foaming because of the air 
whipped into the oil by the revolving erankshaft and other engine parts. 

Sludge is a thick solution of water, oil, dirt, and carbon. It is beaten by the 
rotating crankshaft until it is frothy. The water in the sludge is from condensation 
of droplets of water from the cold air on the crankcase and as a by-produet of com- 
bustion. If an engine operates for an hour or more at a time, the water is evaporated. 
If it is impractical to run the engine for more than an hour, then the engine oil 
must be changed more frequently to remove the sludge. 

In choosing a lubricating oil for a four-cycle engine, always select the oil recom- 
mended by the engine manufacturer. In lieu of any manufacturer's instruetions, 
the following can be used as a guide; select any high quality detergent oil having 


the API elassification of SC or SD (previously classified MS) as follows: 


1. Summer: Above 40? F—use SAE 30. If not available, 
use SAE 10W-30 or SAE 10W-40. 


2. Winter: Below 40°F—use SAE 5W-20 or SAE 5W- 
30. If not available, use SAE 10W or SAE 10W- 
30. 
Below 0?F—use SAE 10W or SAE 10W-30 di- 
luted 10 percent with kerosene. 


Below —10°F—use SAE 5W, 


Four-cycle cngines generally use the same oils as automobiles, but two-cycle 
engines use special oils for two-cycle engines only. The key words on the oil eon- 
tainer are two-cycle oil for outboards, snowmobiles, chain saws and lawn mowers. 
Automobile oils are not satisfactory in two-cycle engines. Detergent oils are of no 
use in two-cycle engines either beeause oil is not splashed or pumped onto the 
engine parts. Hence, the contaminating deposits are not washed away. 
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It is also important that the manufacturers recommendations be followed in 
mixing oil and fuel for two-cycle engincs (refer to Section 3-14). Improper mixing 
can cause preignition, carbon deposits to form in the combustion chamber causing 
plug fouling, ring sticking, scuffing of piston skirts, excessive smoking, and deficient 
lubrication of engine parts. 


8-3. FLOW OF LUBRICATING OIL 


Fic. 8-1. 


Lubricating oils are placed on engine moving parts by scparation of the oil from 
the air-fuel mixture in a two-cycle engine and by a splash or pump system in the 
four-cycle engine (two- and four-cycle lubrication are discussed in detail in Sections 
8-4 and 8-5, respectively). Once the oil is on the metal part surfaces, it must have 
a path for flowing to the mating surfaces to lubricate the bearing surfaces where thc 
friction is most prevalent. 

Access holes or slots are providcd in parts to pass oil in and out of the bearing 
surfaces. These holes or slots are uscd for replaceable sleeve type bushings and also 
when the alloy casting is the actual bearing surface. Where pressure lubricating 
systems are used, oil is pumpcd to thc main crankshaft bcarings; the pressurized oi] 
then flows from the main bearings through passages drilled in the crankshaft to the 
connecting rod bearings (Fig. 8-1). This oil is discharged through small holes that 
are aimed at the piston pins and cylinder walls. Oil that is splashed or pumped 
onto cylinder walls is spread by the oil rings). 


OIL HOLE 


Access holes are provided in parts to pass oil in and out of the bearing surfaces. 


Two-cycle engines as well as four-cycle engines have access holes to admit the 
oil to all bearing surfaces. Some connecting rods (Fig. 8-2) have a wide acceptance 
slot to allow a larger volume of the oil-gasoline mixture to reach the rod journal 
area. 
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OIL ACCESS OPENINGS 


Wide access slots allow a larger volume of the oil-gasoline mixture to lubricate bearing 
surfaces. 


8-4. TWO-CYCLE ENGINE LUBRICATION 


The two-cycle engine is lubricated by the oil in the air-oil-gasoline mixture for the 
engine. On the compression stroke of the piston, a slight vacuum is created in the 
crankcase. Atmospheric pressure causes the airfuel mixture from the carburetor 
to flow into the crankcase. The larger and heavier droplets of oil in the air-fucl 
mixture vapor drop out of the air-fuel mixture to condense and lubrieate the bearing 
surfaces and other engine parts in the crankease. When the power stroke takes place, 
the piston comes down the cylinder opening the exhaust and then the intake port 
to the combustion chamber. The pressure increase in the crankcase caused by the 
piston coming down closes the reed valve eutting off the air-fuel mixture to the 
crankcase. The air-fuel mixture in the erankcase with some oil remaining in it is 
transferred to the combustion ehamber where the tiny droplets of oil in the mix- 
ture lubrieate the piston, piston rings, and cylinder walls. On combustion, the oil 
as well as the fuel burns. 

Because the oil is always mixed into the fuel, the two-cycle engine is lubricated 
as long as there is fucl in the fuel tank. There is no concern over oil level. The 
engine is lubricated regardless of the angle of operation which makes the two-eycle 
cngine ideal for machines such as chain saws. As mentioned the oil is suspended in 
the fuel vapor and clings to the surfaces of all moving parts keeping them con- 
tinually eoated with a film of oil (Fig. 8-3). 

The ratios of two-cyele oil to gasoline are determined by eaeh manufaeturer for 
his specific engine; refer to the manufacturer’s instruetions for types of oil and 
mixing ratios and to Section 3-14 for mixing proeedures. Most manufaeturers reeom- 
mend SAE 30 SB, SC, or SD (formerly MM and MS) nondetergent oils in the 


ratios of from 1 part oil to 20 parts gasoline to 1 to 100. One manufacturer's reeom- 
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2-CYCLE LUBRICATION 


In two-cycle engines, the oil is suspended in the fuel vapor and clings to the surfaces 
of all moving parts keeping them continually coated with a film of oil. 


mendation of oil to gasoline mixture for various numbers of gallons of gasoline is 


given in Table 3-2. 


8-5. FOUR-CYCLE ENGINE LUBRICATION 


Fic. 8-4. 


The four-cycle engine has a separate lubrication system that includes an oil reservoir 
and a splash or pressure system to distribute the oil. The reservoir must be kept 
above a specified level and must be kept fairly level to prevent a lack of lubrication 
to moving parts. 

The splash system uses a dipper (Fig. 8-4) attached to the connecting rod bear- 
ing cap (Section 2-12). As the connecting rod drives the crankshaft in a circular 
motion, the dipper throws oil from the crankcase (reservoir) onto the crankshaft 


ROTATION 


weet 


An oil dipper is attached to the connecting rod bearing cap. As the cap rotates, the 
dipper throws oil from the reservoir onto the four-cycle engine parts. 
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bearings, camshaft, cylinder wall, etc. Countless droplets of oil are scattered to all 
parts; the dipper is moving at 2000 to 3000 rev/min. Instead of a dipper, some sys- 
tems use a revolving slinger (Fig. 8-5) that is driven by a camshaft gear. Still an- 
other method is to use a scoop attached to the bottom of the camshaft gear (Fig. 
8-6). The scoop sprays oil in a circular path throughout the top of the engine. 
The dipper, scoop, and slinger protrude approximately 80 percent into the oil; it 
is therefore important that the proper level of oil is maintained. Some engines have 
a trough mounted under the dipper. The level of the oi] in the trough is maintained 
constant by a cam operated pump. 


CAMGEAR 


A revolving slinger driven by a camshaft gear is another method of lubricating the 
four-cycle engine. 


An oil scoop attached to the bottom of the camshaft gear is also used to lubricate 
four-cycle engines. 


Pressurized lubricating systems utilize a pump to distribute the oil through open 
spaces, drilled passages, and slots to bearings, gears, tappets, ctc. Some of the types 
of pumps used are: ejection, barrel type, and rotary dual-gear. The cjection pump 
is cam operated; it pumps oil at the connecting rod. Some oil goes through the con- 
necting rod holes to lubricate the bearings at the crankshaft and piston pins. The 


remainder of the oil is thrown by the moving connecting rod to the other internal 
parts of the cngine. 
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A barrel type pump has a plunger that draws oil through an intake port, com- 
presses the oil, and then squirts the oil onto the main bearing and connecting rod 
bearing. Oil is splashed by the movement of the crankshaft and conneeting rod to 
the other engine parts. The barrel type pump is driven by the camshaft. 

The rotary dual-gear oil pump (Fig. 8-7) is driven by the camshaft by means 
of a drive pin located in the hub of the eamshaft. Oil is forced through a line from 
the pump outlet to the top of the engine block to connect with drilled passages to- 
ward the top main bearing. 


Three types of oil pumps are ejection, barrel, and rotary dual-gear. The illustration 
shows a rotary dual-gear pump. 


It is obvious that there is no maintenance for the two-cycle engine lubrication 
system. Maintenance of the four-cycle engine lubrication system is easy and en- 
compasses only periodic maintenance (Section 3-13), inspection, and replacement 
of parts. Unfortunately, the engine owner probably won’t know there is any mal- 
function in the lubricating system until it is too late and there is extensive damage 
to other parts of the engine. 

Any time that the erankease is opened (Section 2-20), the lubricating system— 
the dipper, slinger, scoop, trough, or pump—should be inspected for damage. Re- 
place damaged parts. Oil access holes and slots are to be cleaned to allow proper 
lubrieant flow. After cleaning, apply a light coating of the recommended oil to the 
mating surfaces before reassembly. 

Ensure that the proper lubrieating oil in the proper amount is added to the en- 
gine (Sections 3-13 and 3-14). Check periodically for proper oil level. Change the 
oil periodically. These preventive periodic maintenance procedures will prevent 
problems in the lubricating systems. 
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Troubleshooting, 
Tuning, and 
Overhauling 


The first eight chapters of this book have presented the theory of operation and 
maintenance of the small gasoline engine and supporting systems. Each chapter 
covered a specific part of the engine from the simplest part to the most complex 
part and from the simplest maintenance to the most complex maintenance. Chapter 
3 provided specific operating procedures and specific periodic maintenance pro- 
cedures. This chapter is designed to tie all of your knowledge together to enable 
you to locate and repair troubles in a small gasoline engine. 

The following list is presented to help you quickly locate the test, troubleshoot- 
ing table, and tune-up and overhaul procedurcs contained in this chapter: 


Scction 9-2 
Section 9-3 
Section 9-4 
Section 9-5 
Section 9-6 
Section 9-7 
Table 9-1 
Table 9-2 
Table 9-3 
Table 9-4 


Four Basic Enginc Tests 

Test No. 1. — Ignition System 

lest No. 2. — Spark Plug Condition 
Test No. 3. 

Test No. 4. — Compression 


— Fuel Supply 


Troubleshooting 

No Ignition Spark 

Weak Ignition Spark 

Weak Compression 

Engine Fails to Start or Starts Hard 
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Table 9-5 Engine Missing Under Load or Lack of Power 
Table 9-6 Engine Surges or Runs Unevenly 

Table 9-7 Engine Overheating 

Table 9-8 Engine Noisy or Knocks 

Table 9-9 Engine Vibrates Excessively 

Table 9-10 Causes of Engine Failure 

Table 9-11 Summary Chart of Engine Troubleshooting 
Section 9-8 Engine Tune-up and Overhaul 

Table 9-12 Minor Engine Tune-up 

Table 9-13 Major Engine Tune-up 

Table 9-14 Minor Engine Overhaul 

Table 9-15 Major Engine Overhaul 


The procedures in the tests and tables are to aid you in troubleshooting, repair- 
ing, and performing tune-ups and engine overhauls. The tests and tables are guides 
— they will not suit the purposes of every repair shop nor of every engine; but they 
can be used as a guide for the majority of engines. 


One of the most important questions you can ask a customer when he brings an 
engine for repair is, what seems to be the problem? Note down all of the problems/ 
symptoms that the customer can give you. If he doesn't have any ideas, probe him 
with several questions. Does the engine start? Does it stall out? Does it start hard? 
Does anything appear to be broken? Does the engine lack power under load? Does 
it overheat? Is the engine noisy? Does it vibrate excessively? By asking these ques- 
tions, you have a basis for further trouble analysis. 

If the customer would like an immediate “ballpark” estimate of the problems 
and cost of repair, you can quickly perform the four tests of Sections 9-3 to 9-6. 
If he does not demand an immediate estimate, you should wait until you are ready 
to perform the repairs on the engine; then, armed with the verbal information given 
to you by the customer and noted on the repair tag, you are ready to perform the 
four tests to isolate the trouble to the ignition system, fuel system, or to a lack of 
compression. All engine troubles fall into these categories: ignition, fuel, and com- 
pression. It really doesn’t matter if you don't perform the tests of Sections 9-3 to 
9-6 in sequence; the result is that you will find a problem in one or more of the 
three areas. 

Once you know the area(s) of the problem, you refer to Tables 9-1 through 9-9 
which list engine symptoms in their titles. Each of the tables then presents the 
probable cause of the trouble, the maintenance action to be performed, and reference 
to a section in the text that details the maintenance for that remedy. 
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Finally, once you have repaired the trouble, you should then perform the ap- 
plicable tune-up or overhaul procedure to return the engine to “as new" condition 
for your customer. Tune-up and overhaul procedures are given in Tables 9-12 to 


SEIS. 


9-2. FOUR BASIC ENGINE TESTS 


Four basic engine tests are presented in Sections 9-3 to 9-6 to help localize trouble 
to the ignition system, fuel system, or to a lack of compression. The procedures refer 
to the troubleshooting tables 9-1 through 9-9 for trouble analysis and maintenance 
actions. 


9-3. TEST NO. 1. — IGNITION SYSTEM 


Check the output of the ignition system with a wide gap spark plug. Proceed as 
follows: 
l. Disconnect the high-tension lead from the spark plug. 


2. Connect the high-tension lead to a test spark plug with a gap set at be- 
tween 5/32 and 3/16 inch (0.155 to 0.190) CFig. 9-1). 


3. Ground the side spark plug electrode to the engine bare metal (Fig. 9-2). 
Crank the engine over and look for a sharp snappy spark to jump the 


Fic. 9-1. А test spark plug can be made by adjusting the gap to between 5/32 and 3/16 inch. 
Construction of a test spark plug is discussed in Appendix A. 
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GROUND SPARK PLUG 
====== ON ENGINE TO 
CHECK SPARK 


Fic. 9-2. Ground the spark plug threads to bare metal on the engine. Crank the engine. If a 
spark jumps the gap, the ignition system is good. 


electrode gap. If the spark jumps, the ignition system is operating correctly 
—however, it is possible that the timing could be incorrect. 

5. ]f a spark does not jump the electrode gap, the ignition system cannot 
generate an adequate voltage; refer to Table 9-1. If the spark cannot jump 
the wide gap, but can jump a narrower gap, then refer to Table 9-2. 


9-4. TEST NO. 2. — SPARK PLUG CONDITION 


Check the condition of the spark plug. 


1. Remove the plug. 

2. Visually inspect the plug. If the plug is wet with fuel, it indicates that 
fuel is getting to the combustion chamber (Fig. 9-3). If the plug is dry, 
check the engine back to the carburetor input. Visually inspect the plug 
for carbon buildup, burned electrodes, craeked insulation, and carbon be- 
tween the electrodes. 


| 


SENS 


oe Y HOLD THUMB OVER 
E SPARK PLUG HOLE 
X TO CHECK FOR FUEL 
IN CHAMBER 


Fic. 9-3. If the plug doesn't look wet with fuel, you can place your thumb over the spark plug 
hole and crank the engine to see if fuel is getting to the combustion chamber; your 
thumb should get damp. Be sure the high-tension wire is not near your hand or the hole. 
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Many small gasoline engine troubles are diagnosed by examining the 
spark plug. Refer to Table 5-1 for spark plug diagnosis. 


UJ 


4. Check the spark plug gap. Regap the plug, as required (Section 3-17). 
Refer to Table 9-2. 


95. TEST NO. 3. — FUEL SUPPLY 


Check the supply of fuel to the carburetor. 


l. If the earburetor is equipped with a bowl drain, press the valve and let 
a small amount of fuel leak out into a flat container (Fig. 9-4). 
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Fic. 9-4. If fuel сап be let out of the carburetor bowl drain valve, it indicates that fuel is 
getting from the tank and lines to the carburetor. 


2. lf fuel does not leak out of the earburetor bowl, it indicates an obstruction 
in the fuel supply tànk or line. Clean the tank and lines (Section 7-15). 

3. lf fuel leaks out of the carburetor bowl, check the fuel for puddles of 
water or other foreign matter. If present, consideration should be given 
to servicing the carburetor, fuel tank, and fuel line (Sections 7-11 and 
7-15). 

4, Refer to Table 9-4. 


9-6. TEST NO. 4. — COMPRESSION 


sss 


Compression tests can be made by one of two methods: without the use of a com- 
pression gauge, and with a compression gauge. Using a compression gauge is the 
accurate method and the method to be used if you suspect weak compression. 
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Check compression without a compression gauge as follows: 


1. Remove the high-tension lead from the spark plug. 

2. Turn the engine over slowly by hand. As the piston reaches ‘TDC on the 
compression stroke, considerable resistance against turnover of the engine 
should be felt. Once the piston passes TDC, it should be pushed down 
the cylinder rapidly indicating good compression. 

3. The lack of resistance just prior to TDC and the lack of compression to 
rapidly push the piston down the cylinder just after TDC indicates lack 
of compression. Proceed to make a compression test using a compression 
gauge. 

Perform a compression test using a compression gauge as follows: 


1. Remove the spark plug from the cylinder head. 


2. Hold or screw (depending upon the type of compression gauge) a com- 
pression gauge into the spark plug hole (Fig. 9-5). 


Fic. 9-5. Check the engine compression with a compression gauge. 


3. Crank the engine over at normal cranking speed. Crank until the com- 
pression gauge needle does not rise any more (at least six cyles of oper- 
ation ). 

4. The gauge should read: 

A. ovcr 60 psi (pounds per square inch) for two-cycle engines. 


B. over 65 to 75 psi for four-cycle engines through 4.5 horsepower. 
C. over 70 psi for fourcycle engines above 4.5 horsepower. 


5. If the compression reading is below the value specified by the engine 
manufacturer, refer to Table 9-3. Readings may be as high as 120 psi. 
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Hot spots, caused by excessive friction—lack of lubrication, bulging metal, or 
overheating—can cause the piston rings and cylinder wall to weld together. Since 
the piston keeps moving, it pulls the ring free but some of the metal remains be- 
hind attached to the cylinder wall. Thé continued movement of the rings causes 
the area around the scuffed spot to become burnished and excessively worn and the 
damaged ring can be so weakened that compression and combustion pressure blow 


by (Fig. 9-6). 


Hot spots can cause a piece of the piston ring to weld to the cylinder wall. The 
continued movement of the rings over the spot eventually causes wear that allows the 
compression and combustion pressures to blow-by. 


Replacement of the rings only does not always end compression problems. If the 
ring grooves of the piston are worn, pressurc can move around the piston rings. If 
the grooves are badly worn, new rings may flutter in the grooves and eventually 
break. The broken ring may then jam between the piston and the cylinder wall and 
score both badly; a major overhaul will then be required. Therefore when installing 
new rings, make sure that a new piston isn't also needed. 


Tables 9-1 through 9-9 are titled by engine trouble symptoms. The results of the 
four tests in Sections 9-3 to 9-6, the customer's description of the trouble, and your 
analysis of the trouble will lead you into these tables. Each table lists probable 
causes of the trouble symptom described in the table title, maintenance actions to 
be performed, and a reference to a section or table in the text that describes that 
particular maintenance action. Table 9-10 lists engine failures and their causes. 
Table 9-11 is a summary chart of engine troubleshooting (courtesy of ONAN, Di- 
vision of Onan Corporation). 


pa 


Cause 
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Table 9-1 
NO IGNITION SPARK 


Maintenance Action 


Refer to 


Section 


a — M ——— 


1m 


Switch turned off. 
Engine not turning 
over. 


. Ignition leads discon- 


nected or broken. 


. Bad plug. 


. Ignition switch faulty. 


Breaker points  oxi- 
dized, pitted, or 
burned. 

. Breaker points stuck; 


breaker cam or shaft 
broken. 


. Condenser faulty. 
. Ignition coil faulty. 
. Solid state module 


faulty. 


. Magnets in flywheel 


have lost strength. 


Turn ignition switch on. 

Check manual or electrical starter; check 
starting battery. 

Inspect, reconnect, or replace. 


Replace plug with plug recommended 
by manufacturer. Gap plug correctly. 
Replace switch. 

Check points. Replace if required. Set 


gap. 


Check points. Replace if required. Set 
gap. 

Check condenser. Replace if required. 
Check ignition coil. Replace if required. 
Replace. 


Check strength. Replace magnets. 


5-9) 


5-12 


SS M — —————ÀÀÀ 


Cause 


Table 9-2 
WEAK IGNITION SPARK 


Maintenance Action 


Refer to 


Section 


ee 


l. 


2. 
. Plug fouled with carbon. 


Plug wet. 


Plug gap incorrect. 


. Wrong plug. 


. Breaker points dirty or 


bad. 


. Breaker point gap incor- 


rect. 


. Timing incorrect. 
. Condenser weak. 


Flywheel magnets have 
lost strength. 


Refer to Table 5-1. Perform mainte- 
nance actions. 

Regap plug. 

Refer to Table 5-1. Perform mainte- 
nance actions. 

Replace plug with type recommended 
by manufacturer. Gap plug. 

Check points. Replace and reset gap. 


Check gap. Reset, as required. 


Check timing and reset, as required. 
Check condenser. Replace, as required. 
Check strength. Replace magnets or fly- 
wheel and magnets. 


Table 5-1 


3-17 
Table 5-1 


3-17 


Sew 


5-9 


nee 
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Table 9-3 
WEAK COMPRESSION 
| Refer to 
Cause Maintenance Action Section 
1. Spark plug loose. Check gasket, replace if necessary. SET 
Tighten spark plug to torque value 
specified by manufacturer (Fig. 9-7 and 
9-8). 
2. Cylinder head loose. Tighten cylinder head bolts to torque 2-21 


value and in sequence specified by 
manufacturer. Repeat compression test. 

3. Head gasket leaking. Replace gasket. Tighten cylinder head 2-21 
bolts to torque value and in sequence 
specified by manufacturer. Repeat com- 
pression test. 


4. Valves sticking. Inspect valves, seats, and guides. Re- 2-26 
condition or replace as required. 

5. Piston rings sticking. Inspect cylinder, piston, and rings. Re- 2-23, 
condition or replace as required. 2-24 

6. Cylinder badly worn. Recondition or replace cylinder. Replace 2-24 
piston and piston rings. 

7. Burned piston. Replace piston and piston rings. Inspect 2-23, 
cylinder. Recondition cylinder, if re- 2-24 
quired. 


DAMAGED 
SPARK PLUG 
GASKET 


Fic. 9-7. If the spark plug gasket is damaged, the compression and combustion pressures can 
blow out of the cylinder head. Replace damaged gaskets and torque the plug. 


BY 


Fic. 


9-8. 


LOOSE PLUG 
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A loose spark plug can likewise allow compression and combustion pressures to blow 
out of the cylinder head. Torque the plug to the specified value. 


S oo ———=_ 


l. 


ENGINE FAILS TO START OR STARTS HARD 


Cause 


No fuel in tank. 


. Fuel shutoff valve not 


open. 


. Primer bulb (if applic- 


able) and line not op- 
erating. 


. Engine not cranking 


over. 


. Fuel line to carburetor 


bloeked. 


. Water or foreign liquid 


in tank. 


. Stale fuel in tank. 


. No spark or insufficient 


spark to jump electrode 
gap. 


Table 9-4 


Maintenance Action 
Fill tank with clean, fresh fuel. 
Open fuel shutoff valve. 
Place finger over lower end of primer 
base and press primer bulb. Resistance 


should be noted in bulb depression. Re- 
move finger, there should be no resis- 


-tance present when bulb is depressed. 


Check starting system. 


Clean fuel line or remove and replace 
with new. 

Drain tank. Clean carburetor and fuel 
lines. Dry spark plug points. Fill tank 
with clean, fresh fuel. 

Drain tank. Clean carburetor and fuel 
lines. Dry spark plug points. Fill tank 
with clean, fresh fuel. 

Check points, condenser, coil, high- 
tension lead, flywheel keyway, and mag- 
net charge. Rework or replace as neces- 
sary. 


Refer to 


Section 


3-14, 
7-16 


7-15 
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14. 


p» 


17 


Cause 


. Spark plug fouled or 


defective. 


. Stop device in the off 


position. 
Engine flooded. 


Choke valve not com- 
pletely closing in car- 
buretor. 


. Carburetor idle needle 


or power needle not 
properly adjusted. 
Carburetor throttle 
lever not open far 
enough. 

Low or no compression. 


. Not cranking engine 


over fast enough. 


Carbon blocking ex- 
haust ports (2-cycle 
engine). 


. Reed, rotary, or poppet 


valve broken or dam- 
aged (2-cycle engine). 


. Oil seals leaking. 
. Carburetor dirty. 
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Table 9-4 (Continued) 


Maintenance Action 


Replace spark plug. 
Move stop device to on position. 


Open choke. Remove air cleaner, clean 
and service. 

Adjust control cable travel, and/or speed 
control lever. 


Reset idle and power needles to the 
recommended preliminary settings. 


Move speed control lever to fast or run 
position; check for binding linkage, or 
unhooked governor spring. 

Check the following: 

CA) Blown head gasket. 

СВ) Damaged or worn cylinder. 

СС) Valves stuck open, burned, not 
properly adjusted, or bad seats. 
Rework, or replace as neces- 
sary. 

CA) Starter broken or weak. 

(B) Too much drag on driven equip- 
ment. Replace broken or weak 
spring, and remove belts, chains, 
and/or release clutch. 

Remove muffler and clean carbon from 
ports. 


Replacc reed, rotary, or poppet valve or 
assembly. 


Replace oil seals. 
Remove and clean carburetor in a rec- 
ommended cleaning solvent. 


Refer to 


Section 


3-17 


3-8 


—————————————— ÉL 
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Table 9-5 


ENGINE MISSING UNDER LOAD OR LACK OF POWER 


Cause 


Maintenance Action 


Refer to 


Section 


a ———————— 


1. 


10. 


1916 


12. 


13. 


Nat. 


15. 


16. 


17. 


Weak or irregular spark 
to spark plug. 


. Defective spark plug. 
. Choke not completely 


open. 


. Carburetor idle or 


power needle not prop- 
erly adjusted. 


. Restricted fuel supply 


to carburetor. 


. Valves not functioning 


properly. 


. Stop device not in the 


positive on position. 


. High-tension lead wire 


loose or not connected 
to spark plug. 


. Air cleaner dirty or 


plugged. 

Not enough oil in 
crankcase (4-cycle 
engine). 

Improper fuel oil mix 
C2-cycle engine). 
Engine needs major 
overhaul. 

Too much drag on 
driven equipment. 
Obstructed exhaust sys- 
tem or muffler not the 
type designed for en- 
gine. 

Weak valve springs C4- 
cycle engine). 

Reed, rotary, or poppet 
valve assembly not 
functioning properly 
(2-cycle engine). 
Crankcase gaskets or 
seals leaking. 


Check points, condenser, coil high-ten- 
sion lead wire, flywheel, keyways, and 
flywheel magnet charges. 

Remove and replace. 

Open lever to full choke position. 


Reset idle and power needles to the 
recommended preliminary settings. 


Clean tank, open gas tank cap vent, or 
clean and/or replace fuel lines. 

Reseat or reface valves, clean guides and 
stems of valves and reset valves to tap- 
pet clearance. 

Move stop device to the on position 
and/or adjust. 

Adjust high-tension lead wire terminal, 
and/or connect to spark plug. 


Clean and/or replace air cleaner ele- 
ment. 

Drain and refill with the proper type 
and quantity. 


Drain tank and carburetor, and refill 
with the correct clean, fresh fuel mix. 
Overhaul engine. 


| Adjust clutches, pulleys and/or sprock- 


ets on driven equipment. 
Remove obstruction and/or replace muf- 
fler with correct one. 


Replace weak valve springs with new. 
Replace and/or adjust reed, rotary, or 


poppet valve assembly. 


Replace gaskets and/or seals in ques- 
tion. 


5-6 


2-26 


2-30 


EEUU MU EE T 
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Table 9-6 


ENGINE SURGES OR RUNS UNEVENLY 


Cause 


. Fuel tank cap vent hole 


obstructed. 


. Carburetor float level set 


too low. 


. Restricted fuel supply to 


carburetor. 


. Carburetor power and 


idle needles not properly 
adjusted. 


. Governor parts sticking 


or binding. 


. Engine vibrates exces- 


sively. 


. Carburetor throttle link- 


age or throttle shaft 
and/or butterfly binding 
or sticking. 


Maintenance Action 


Remove obstruction and/or replace with 
new cap. 
Reset float level. 


Clean tank, fuel lines, and/or inlet 
needle and seat of carburetor. 

Readjust carburetor power, and idle 
needles. 


Clean, and if necessary, repair or replace 
governor parts. 

Check for bent crankshaft and/or out 
of balance condition on blades, adaptors, 
pulleys, sprockets and clutches. Replace 
or rework as necessary. 

Clean, lubricate or adjust linkage and 
deburr throttle shaft or butterfly. 


Refer to 
Section 


OO CO eee 


Cause 


Table 9-7 
OVERHEATING 


Maintenance Action 


Refer to 


Section 


eS 


If 


Carburetor settings too 
lean, 


. Improper fuel. 


. Over speeding and/or 


running engine too 
slow. 


. Overloading engine. 


. Not enough oil in 


crankcase (4-cycle). 


. Improper fuel mix (2- 


cycle). 


. Air flow to cooling fins, 


head, and block ob- 
structed. 


Reset carburetor to proper setting. 


Drain tank and refill with correct clean, 
fresh fuel. 

Reset speed control and/or adjust gov- 
ernor to correct speed. 


Review the possibility of using larger 
horsepower cngine. 

Drain and refill with the proper type 
and quantity. 

Drain tank and refill with correct clean, 
fresh mix. 

Clean debris from rotating screen and/ 
or head, and cylinder cooling fins. 


7-8 
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Cause 
8. Engine dirty. 


9. Too much carbon in 
combustion chamber. 

10. Obstructed exhaust sys- 
tem or mufller not the 
correct type designed 
for engine. 


Table 9-7 (Continued) 


Refer to 
Maintenance Action Section 
a a a P Y" —— — 

Clean grease and/or dirt from cylinder 3-8 
block and head exterior. 
Remove head and clean carbon deposits 2-21 
from combustion chamber. 
Remove obstruction and/or replace 3-8 
mufHer with correct type. 
Time the engine. 5-13 


11. Engine out of time 
(4-cycle engine). 


ш 


Cause 
1. Piston hitting carbon in 
eombustion chamber. 


2. Loose flywheel. 


3. Loose or worn connect- 


Table 9-8 
ENGINE NOISY OR KNOCKS 
Refer to 
Maintenance Action Section 
а 

Bemove head and clean carbon from 2-21 
head and top of cylinder. 
Torque flywheel nut to recommended 5-8 
torque. 
Replace rod and/or crankshaft if tight- 2-22, 
ening rod bolt won't correct. 2-27 


ing rod. 

4. Loose drive, pulley 
blade, or clutch on 
power take-off end 
of crankshaft. 

5. Main bearings worn. 


6. Rivet holding oil 
distributor to cam 
gear hitting counter- 
weight of crankshaft. 
7. Rotating screen hitting 
housing flywheel. 


Replace, tighten or rework as necessary. — 


Replace worn bearings and/or crank- 2-28 
shaft if necessary. 

Replace cam gear and/or grind head of 2-25 
rivet off. 


Center screen on flywheel. — 


A 
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Table 9-9 


ENGINE VIBRATES EXCESSIVELY 


Cause 


1. Engine not mounted 
securely. 
2. Bent crankshaft. 


3. Blades, adaptors, pulleys, 


and sprockets out of 
balance. 


Maintenance Action 
Tighten mounting bolts. 


Replace crankshaft. 
Rework or replace parts involved. 


Table 9-10 


CAUSES OF ENGINE FAILURE 


Failure 


Cause 


Refer to 
Section 


2-27 


Refer to 
Section 


1. Broken or damaged 
connecting rods, and 
scored pistons. 


2. Excessive wear on parts. 
This covers valves, valve 
guides, cylinders, 
pistons, rings, rods, 
crankshafts and main 
bearings. 


3. Main bearing failure. 


Engine run low on oil (4-cycle engine). 


Engine operated at speeds above the 
recommended геу min. 

Oil pump, line and passage obstructed 
with debris (4-cycle vertical shaft en- 
gines). 

Oil distributor broken off. 

Not enough oil in fuel mix (2-cycle en- 
gine). 

Oil in crankcase not changed often 
enough (4-cycle engine). 

Air cleaner not serviced often enough. 
Oil not changed often enough in crank- 
case. 

Air cleaner element improperly installed 
in air cleaner body, or element needed 
replacing. 

Air cleaner body not making good seal 
to carburetor. 

Engine run low on oil. 

Excessive side loading of crankshaft. 
Oil in crankcase not changed often 
enough (4-cycle engine). 

Blades, adaptors, pulleys, and sprockets 
out of balance. 


Bole 


SS 


Table 9-11 
SUMMARY CHART OF ENGINE TROUBLESHOOTING 
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After the trouble has been repaired, refer to the applicable tune-up or overhaul 
procedure. Perform the additional maintenance actions necessary to return the en- 
gine to an “as new" condition. 


9-8. ENGINE TUNE-UP AND OVERHAUL 


Service on small gasoline engines can be categorized into four categories: minor 
engine tune-up, major engine tune-up, minor engine overhaul, and major engine 
overhaul. The majority of engines brought into the repair shop require a minor 
engine tune-up CTable 9-12). When work is performed on the carburetor or ignition 
system, then a major engine tune-up (Table 9-13) is required. The major tune-up 


Table 9-12 
MINOR ENGINE TUNE-UP 
Task Section 
= o ee S 
1. Clean and regap, or replace and gap spark plug. Sel 
2. Tighten spark plug and cylinder head bolts to the S 
torque value specified by the manufacturer. 2-21 
3. Test compression. 9-6 
4. Clean air cleaner. 3-9 
5. Adjust carburetor. 7-8 
6. Clean fuel tank, line, and filter. 7-15 
7. Adjust governor speed. 7-9 


ni ————__————_——_—_—_—_—_—_—_—_—_—_——————___ 


Table 9-13 
MAJOR ENGINE TUNE-UP 
Task Section 
O ee es 
1. Clean and regap, or replace and gap spark plug. 3-17 
2. Tighten spark plug and cylinder head bolts to the torque S 
value specified by the manufacturer. 2-21 
3. Test compression. 9-6 
4. Clean air cleaner. 3-9 
5. Remove carburetor and overhaul. 3-11 
6. Clean fuel tank, line, and filter. 7-15 
7. Adjust governor speed. Я 
8. Inspect reed, rotary ог poppet valve (two-cycle engine). 2-30 
9. Test condenser. Replace if necessary. 5-10 
10. Test coil. Replace if necessary. 5-11 
11. Install new breaker points. 5-9 
12. Clean carbon from muffler and exhaust ports (two-cycle 3-8 
engines). 
13. Adjust carburetor. 7-8 


————————————————————————————————À 
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includes performance of the tasks in the minor tune-up. If an engine is using oil 
and the compression is low, then a minor engine overhaul CTable 9-14) should be 
performed. When an engine requires replacement of the main bearings in addition 
to the work performed under a minor engine overhaul, it is considered a major 


overhaul (Table 9-15). 


Table 9-14 
MINOR ENGINE OVERHAUL 
Task Section 
oe oo [Qu — 
1. Check connecting rod and bearing. Replace if necessary. 2-22 
2. Check piston pin. Replace if necessary. 2-23 
3. Replace piston rings. 2-23 
4, Reseat valves. 2-26 
5. Check cylinder and hone with fine hone to remove glaze. 2-24 
6. Perform work under major engine tune-up. Table 9-13 
a 
Table 9-15 
MAJOR ENGINE OVERHAUL 
Task Section 
1. Check connecting rod and bearing. Replace if necessary. 2-22 
2. Check piston pin. Replace if necessary. 2-23 
3. Replace piston rings. 2-23 
4, Reseat valves. 2-26 
5. Check cylinder and hone with fine hone to remove glaze. 2-24 
6. Check crankshaft. Replace if necessary. 2-27 
7. Replace main bearings. 2-28 
8. Perform work under major engine tune-up. Table 9-13 
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Math and 
Measurements 


The small gasoline engine is designed and built to aid man in doing work 
quickly, efficiently, and with less fatigue. Engines also enable man to enjoy his 
leisure time as they provide power for his small recreation and transportation 
vehicles. 

As the cngine operates burning gasoline, heat and power are generated. Some 
of thc generated power is lost due to heat and friction; most of the power is con- 
verted from a reciprocating movement of the piston into a rotating force, or torque, 
at the crankshaft. The crankshaft is coupled to a tool or a machine to perform 
work. The engine develops power that is measured in terms of horsepower. The 
greater the output power of the cngine with respect to the input power, the 
greater is the efficiency of the engine. 

This chapter concerns itself with thc mathematics and measurements relating 
to engine work, potential energy, power, torque, horsepower, and volumetric 
efficiency. A method of converting torque values from foot-pounds to inch-pounds 
and vice versa is also included so that conversions can be made if you have a 
torque wrench calibrated in onc of the measurements. Finally, since you may not 
be familiar with the metric system, Section 10-9 deseribcs metric to English and 
English to metric conversions. References and use of Appendixes B to F on metric 
to English and English to metric conversions arc also explained. 

This chapter does not attempt to teach arithmetic or basic algebra; if you need 
revicw in these subject areas, refer to applicable texts. It does, however, describe 
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the equations and related unknowns when only some of the specifications are 
available or when certain measurements can be made physically on the engine. 
In addition to the equations, example problems are given to familiarize you with 
the method of solution for the unknown. 


10-1. WORK ——————— MÀ — 


Work is the moving of an object by force over a distance. Since engines ease the 
efforts of man by doing work for him—by moving an object by force over a 
distance—we are concerned with the mathematical relationship of work. lt is 
expressed as: 


work = distance in feet or inches X force in pounds 
W = D x Е (foot pounds or inch-pounds) OI 
where: W — work in foot-pounds or inch-pounds 
D — distance in feet or inches 


F = force in pounds 


Example 1. How much work is done when an engine-driven hoist lifts 240 
pounds to a height of 35 feet? 


W = 35 240 
W = 8400 foot-pounds 


10-2. POTENTIAL ENERGY... LLL ~ ——— 


Potential energy is energy having the potential to do work, A body is said to 
have potential energy if, by virtue of its position or state, it is able to do work, 
Potential energy is calculated by: 


potential energy = distance in feet times force in pounds 
P.E. = D x Е Cfoot-pounds or inch-pounds ) (10-2) 
where: P.E. = potential energy in foot-pounds or inch-pounds 
D — distance in feet or inches 


F — force in pounds 


Example 2. lf a weight of 40 pounds is raised to a height of 7 feet, what is 
its potential energy? 
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PE." X 40 
P.E. = 280 foot-pounds 


10-3. POWER 


Power is the amount of work done per unit of time, or the rate at whieh work is 
done. In meehanics, powcr is normally expressed in foot-pounds per seeond or 
foot-pounds per minute. 


power = work in foot-pounds per unit of time 


W (foot-pounds per second or foot-pounds per minute) (10-3) 
t 


P= 


where: P — power in foot-pounds per second or foot-pounds per 
minute 


W — work in foot-pounds 


t — time in minutes or seconds 


Example 3. Find the power of an cngine eapable of lifting 250 pounds to a 
height of 20 fect in 10 seconds. 


p=% 

р= 21 
20 5 250 

= 10 


P = 500 foot-pounds/second 


ШОЕ ЕЕЕ 65. 


Torque is а turning effort; there may or may not be motion, For example, when 
a nut is tightencd on a thread, a wrench is used to apply a force in a turning or 
rotating dircction. When the nut is relatively loosc, a light force moves the nut 
through a large turning distance, but as the nut gets tighter, thc distanee moved 
deereases. When a torque wrench is uscd to tighten a nut, a calibrated dial indi- 
eates the amount of torque applied to the nut. Similarly torque is the twisting 
force of the enginc’s crankshaft to drive wheels, pulleys, ctc. The maximum 
torque of an спріпс is developed at a point somewhat below maximum engine 
speed. Torque is measured in foot-pounds or in inch-pounds and is defined as 
the product of the foree and the perpendicular distance from the axis of rotation 
to the linc of action of the forcc. This distance is known as the lever arm. 
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torque — distance in feet or inches times force in pounds 
T — D x F (foot-pounds or inch-pounds) (10-4) 
where: T = torque in foot-pounds or inch-pounds 
D — distance in feet or inches 


F = force in pounds 


Example 4. What is the torque applied to a nut through a 12 inch wrench 
with a 22-pound force? 


T= 100090 
T = 264 inch-pounds 


The torque developed by an engine can also be determined at various revolu- 
tions per minute. It is necessary to know the braking horsepower (Section 10-5). 


torque — 33,000 times braking horsepower divided by two pi 
times the number of revolutions per minute 


__ 33,000 X bhp 
= NT (10-5) 


where; T = torque in pound-feet 
bhp = braking horsepower 
N = number of revolutions per minute 


Example 5. What is the torque developed by an engine with a brake horsepower 
of 12 at 2000 rev/min? 


т— 33,000 х bhp 
ы 2T № 


33,000 x 12 
2 x 3.14 x 2000 


T = 31.51 pound-feet 


TE 


10-5. НОВЅЕРОМЕВ_ С 


Horsepower is the standard unit by which power is measured; it is equal to 33,000 
pounds lifted one foot in one minute or to 550 pounds lifted one foot in one 
second. Horsepower is used to measure the ability of an engine to perform work; 
thus, a one horsepower engine can lift 33,000 pounds a height of one foot in 
one minute; it can also raise 3300 pounds one foot in one-tenth of a minute. An 
engine rated at 4 horsepower can theoretically do the work of four horses; how- 
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ever that presumes 100 percent efficiency of the engine which is not possible 
because of the friction of moving parts. 


horsepower == distance moved in feet times force in pounds di- 
vided by 33,000 (33,000 is used when time is in 
minutes; 550 for seconds) times the time to move 
the distance in minutes or seconds. 


DXF u DE 10-6 
E 33,000 X T (minutes) ~ 550 x T (seconds) ( ) 


where: HP = horsepower 
D = distance in feet 
F = force qn" pounds 


T = time in minutes or seconds 


Example 6. What is the horsepower of an engine that is capable of lifting 200 
pounds to a height of 55 feet in 10 seconds? 


кы 
ш от 

_ 55 x 200 
MEE UE 
HP —2 


Some states in the United States tax engines for licensing on the rated, or 
SAE, horsepower. This is a formula that was developed long ago when less ef- 
ficient engines were made, but an easy formula was needed that was felt usable 
on all engines. The taxable horsepower is a lower number than the actual de- 
veloped horsepower. 


DEIN 
2.5 


where: SAE HP — taxable horsepower 


SAE HP = (10-7) 


D = diameter of the cylinder bore in inches 


N = number of cylinders 


Example 7. What is the SAE taxable horsepower of an eight cylinder engine 
having a bore of 3.5 inches? 


[Їй БУ Is 
2.5 


SAE HP = GHGS) 


SAE HP 392 


SAE HP 
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There are three other terms relating to power known as brake horsepower 
(bhp), frictional horsepower Ср), and indicated horsepower Ghp). Brake horse- 
power is the horsepower used by engine manufacturers to specify the output of 
their engines; a braking device is used to hold the engine speed down as the 
horsepower is measured. The braking horsepower is the horsepower that the 
engine can produce at a given speed with the throttle wide open; it is measured 
with a dynamometer. A dynamo in the dynamometer is driven by the engine; an 
electrical current output from the dynamo is proportional to the speed of the 
engine. 

The braking horsepower can be calculated by using the equation. 


bhp — 2т PLIN (10-8) 


where: bhp — braking horsepower 
F — force as measured on the scale 
L — length in feet of the lever arm connecting the brake 
to the scale 


N — number of rev/min of engine speed 


Example 8. What is the braking horsepower of an engine tested on a braking 
device if the engine is running at 2000 rpm and the scale reading is 25 pounds 
with a lever arm length of 3 feet? 


24 FLN 
eap 33,000 
bhp — 22€ 3.14 X 25 x 3 x 2000 
ВЕ 33.000 
bhp — 28.56 


The power developed in the engine to overcome friction is the frictional 
horsepower. It is measured by driving the engine (no fuel in the engine) with 
an electric motor; the horsepower required to drive the engine is the frictional 
horsepower. Most all of the friction in the engine is from the piston and rings 
moving within the cylinder. 

The indicated horsepower is the sum of the brake horsepower and the fric- 
tional horsepower. The indicated horsepower is the power produced by the burn- 
ing fuel within the engine; it is measured with an oscilloscope. 

The three horsepower ratings described, braking (bhp), indicated Cihp), and 
frictional (fhp) are related: 


bhp = ihp — fhp (10-9) 
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The horsepower that the engine delivers Cbraking hp) is equal to the power 
produced in the engine (indicated hp) minus the power lost because of friction 


Cfrictional hp). 


10-6. VOLUMETRIC EFFICIENCY 


Volumetric efficiency is the ability of the combustion chamber to receive a full 
charge of air-fuel mixture during the intake stroke. The higher the ability—the 
efficiency—the higher is the output horsepower. As the engine speed increases 
the volumetric efficiency decreases because of the inability of the engine to re- 


ceive a full air-fuel charge. 
Volumetric efficiency is calculated by the equation: 


: : amount of air-fuel that could enter 
volumetric efficiency = 


Efficiency is calculated by the equation: 


efficiency = output power divided by input power times 100. 


The answer is expressed as a percent. 


= output x 100 


input 
Finally, the mechanical efficiency of the engine is calculated by: 


braking horsepower 
mechanical efficiency = es CODCDpOWRr. 
indicated horsepower 


ME — bbe 
ihp 


10-7. SUMMARY 


amount of air-fuel that does enter 


(10-10) 


(10-11) 


(10-12) 


Torque, engine speed, and volumetric efficiency are interrelated. Consider the 
torque at mid-speed range. Now increase the speed to such a point that the 
engine is operating so fast that it cannot get as large an amount of air-fuel mixture 
into the combustion chamber. The combustion is therefore less powerful and 
this causes a decrease in torque to the crankshaft. Thus when engine speed 
increases beyond a certain point, the torque decreases. The braking horsepower 
also decreases at high engine speeds because of the increased frictional horse- 


power. 
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10-8. TORQUE VALUE CONVERSIONS 


Many of the fasteners (bolts, nuts, etc.) used in small gasoline engines must be 
torqued (tightened) to a certain value (usually a range is given). Sometimes the 
engine specification states torque values in inch-pounds, sometimes in foot-pounds, 
and sometimes in both. If your torque wrench has a scale for only one of the 
sets of values and the manufacturers’ specifications are in the other values, you 
must convert from the one value to the other. 

Convert as follows: 


To Convert Into Operation 
foot-pounds inch-pounds multiply by 12 
inch-pounds foot-pounds divide by 12 Cor 


multiply by 0.0833) 


Example 9. The cylinder head screws on a particular 6 hp outboard engine 
are to be torqued to between 5 and 7 foot-pounds; a torque wrench calibrated 
in inch-pounds is the only wrench available. What is the range of torque values 
in inch-pounds for this engine? 


Б x П2==@ 
у co 54 
Answer: 60 to 84 inch-pounds 


Example 10. The connecting rod screws of a certain 25 horsepower engine 
are to be tightened to 180 to 186 inch-pounds. What is the torque value in foot- 


pounds? 
180 
Rr 
186 
a e 
i 15% 


Answer: 15 to 1515 foot-pounds 


109. METRIC TO ENGLISH AND ENGLISH TO METRIC CONVERSIONS 


The English measurement system is a system of measures and weights in com- 
mon usage in the United States and several other English speaking countries. The 
English system consists of units such as inches, feet, yards, ounces, pounds, Fahren- 
heit, etc. This system is known to most of us and we're content to use it. However, 
this English measurement system is gradually being replaced by the metric system. 
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The metric system is a system of weights and measures based on the decimal 
system; that is, the metric system is based on the number 10. It was introdueed 
and adopted by law in France and subsequently has been adopted by all eoun- 
tries except the United States and a few other countries as the common system 
of weights and measures. It is adopted by all countries as the system used in 
scientific work. There is great pressure now for the world to become standard- 
ized with one measurement system—this one system is known as the International 
System of Units (SI). It is important that one world wide system becomes a 
reality because of the ever increasing trade of machines, tools, and manufactured 
products between countries. It is likewise important that you become familiar 
with the International System of Units so that you can make conversions readily 
between the metric and English systems. 

The International System of Units is a modernized version of the metrie sys- 
tem. It is generally supcrior for most scientific work and is the common language 
for scientific and technical data. Nearly all scientific experiments in the United 
States as well as abroad are performed using metric units. 

The chief advantage of the metric measurement system over the English 
system is that all units are divisible into ten parts. This enables fraetional distances, 
areas, volumes, capacities, and weights (such as meters, liters, and grams) to be 
expressed as decimals. Decimals are easier to manipulate in addition, subtraction, 
multiplication, and division than are fractions. 

In your work with linear dimensions (as part dimensions) and liquid measures 
(as fuels and oils), you may encounter the metric system sooner than you'd like 
to believe. Hence you should become familiar with the information in the fol- 
lowing paragraphs and the conversion factors in Appendixes B through F. 

The metric linear measurement system is based on the meter. The meter is 
further divided into tenths (1/10) called decimeters, hundredths (1/100) called 
centimeters, and thousandths (1/1000) called millimeters. The most useful con- 
version factors from the English system to the mctric system are: 


Пле 2039,27. осие = 1004 yards 


1 yard = 0.9144 meters 
1 foot = 0.3048 meters 
l inch = 2.54  ecntimeters 


Thus a football field (100 yards) is 91.44 meters long, a 6 foot man is 1.83 
meters tall, and a well proportioned young lady is 87-58-78 centimeters. 

Many manufacturers realize today that the metric system is fast upon us and 
they are taking steps to convert. Tool manufacturers are making tools graduated 
in English, graduated in metric, and graduated in English and metric. You are 
advised to buy measurement tools that have some edges that are graduated in 
English and other edges that are graduated in metric. These tools will then be 
useful no matter which system you are working with on a particular project. 

To use the mctric system—based on the number 10—and to be able to readily 
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convert from English to metric and metric to English, it is important that you 
understand scientific notation—a method of expressing the powers of 10. Scien- 
tific notation is а way of expressing a small or a large number such that the 
number is expressed as a number equal to or greater than one (1) but less than 
ten (10) and is multiplied by the number of times that a number Cin this case, 
10) is multiplied times itself. The power is often referred to as an exponent. 
Thus 3.1417 is expressed in scientific notation because it is expressed as a number 
equal to or greater than one but less than 10. (It is also multiplied by the ap- 
propriate power of ten, which in this case is zero—thus 10°, where 10° always 
equals one. A basic law in mathematics states that any number raised to the zero 
power is опе. Thus 10° = 1; 2° = 1; 5° — 1, etc.) 

For example, the speed of light of approximately 186,300 miles per second 
is expressed in scientific notation as 1.863 X 105. The scientific notation is read 
as "one point eight six three times ten to the fifth power." The expression ac- 
tually means 1.863 X 10 X 10 x 10 x 10 x 10. This is 1.863 times ten times 
itself (10) five times. The 5 (in 10°) is the power of 10; the 5 is known as the 
exponent. 

Some other numbers that are familiar to you are expressed in powers of ten— 
scientific notation—as follows: 


5,280 ft/mile = 5.280 X 10? ft/mile 
60 sec/min = 6.0 X 10 sec/min (note: 10 and 10! equal each 
other) 


Conversion units are the units that define the type of measure or weight of 
the number with which we are working. For example, in the expression 5.2 
minutes, the conversion unit is minutes. 

We know that to convert minutes to seconds, there must be a conversion 
factor and associated conversion unit. We know that 1 minute equals 60 seconds. 
Since both 1 minute and 60 seconds equal the same amount of time, the formula 
can be stated as follows: 


] minute — 60 seconds 


By dividing both sides of the equation by 60 seconds, we have 


l minute _ 60 seconds 
60 seconds 60 séconds 


1 minute 


60 seconds 
Likewise, we could divide by 1 minute: 


] minute — 60 seconds 
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1 Minute _ 60 seconds 
]minute I minute 
= 60 seconds 

^ minute 


We have shown, by example, that when two quantities with different conversion 
units are equal, they can be divided by one of the conversion units and set equal 
to one. 

By this method of setting conversion units equal to one, conversions from one 
set of conversion units to another can be easily made. For example, convert 5.2 
minutes to seconds. The conversion unit of 1 minute equals 60 seconds can be 
rewritten as: 


] minute — 60 seconds 


60 seconds | minute 
] minute 60 seconds 
In this problem, it is desirable to get rid of minutes and convert to seconds. 
Hence: 


60 seconds 


5.2 minutes = 
X 1 minute 


For conversions, always set up for multiplication as shown above. Arrange the 
conversion factor units so that they will divide out, just as numbers do: 


2 60 seconds 

.2 mimates X ЕЕЕ 
5.2 X 60 seconds 

Ж 1 

= 112.0 seconds 


For another example, convert 1.72 yards into inches. By the use of conversion 
tables, the following is known: 


] yard = 3 feet 
toot 12anches 


By setting the above conversions equal to one by dividing by onc conversion factor 
unit or the other, the problem becomes: 


о yards 3 Peet 12 inches 
г * Yard Х Tha 
Thus the numerical answer is 61.92 and the unit is inches. All other conversion 
units have divided out. 
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You should study the above technique and apply it to other conversions with 
which you are now familiar. Its use will be invaluable in making conversions from 
one system of measures and weights to another. 

Appendix B provides measurement conversions from metric to English and from 
English to metric. For example, if you want to compare the bore of two cylinders 
A and B that measure 2-5/16 inches and 60 millimeters, respectively, one of the 
dimensions must be converted to the other system. Let us convert from English to 
metric first and compare the dimensions in metric; then we'll convert from metric 
to English and compare the dimensions in English. 


А == 25/l6in. B = 60 nm 
А = 2.3125 in. Cuse Appendix C) 
25.400 
А = 2.3125 ine EF Cuse Appendix B) 
A = 58.74 mm B = 60 mm 
B = 60 mm А = 25/16 in. 
2 0.039 in. 
== mm X a 
B = 2.34 in. 


Ba? Wily Sen А — 25/16 in. 


As another example, how many pints of oil are required in a crankcase if the 
crankcase capacity is specified as 0.25 liters? 


2.113 pints 
0.25 Titers X E 
= 0.53 pints 


Appendix C provides conversions from fractions of an inch to millimeters and 
to decimals of an inch. For example, 3/16 inch equals 0.1875 inch equals 4.762 
millimeters. 

If you need to convert millimeters to inches, use Appendix D. For example, 15 
millimeters equals 0.59055 inches. Using Appendix C, 0.59055 inches is about 
19/32 inch. Using Appendix D again, 34.32 millimeters is converted to inches as 
follows: 


54,00 mm = 2.12598 in. 
0.32 mm = 0.01260 in. 
2.13858 in. Cby addition) 


If necessary, this can be converted to approximate fractions using Appendix C 
as follows: 
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200000 == 2. 
0.13858 = 9/64 
` 2-9 /64 in. Cby addition) 


Appendix E provides conversions within the English system of weights and 
measures and Appendix F provides conversions within the metric system of weights 
and measures. 


Rotating Engines 
and Beyond 


The rotary engine has been perfected to the point that it is being produced by 
foreign and American automobile engine manufacturers for some models of the 
smaller automobiles. A few foreign and American manufacturers have also built 
small rotary engines, but on a limited production or experimental basis at this time 
because of some design problems that have not been overcome. 

The rotary engine can bc used for the same applications as the reciprocating 
engine. Present rotary engines range from a 14 ounce % horsepower engine for 
model airplanes to a 400 horsepower engine for a sports car that travels to 190 miles 
per hour. Between these are engines of 6 to 300 horsepower to drive boats, motor- 
cycles, snowmobiles, automobiles, garden tractors, industrial pumps, lawn mowers, 
and compressors. Some of these engines are only prototypes; others are in limited 
production. 

This chapter describes the rotary engine—its uses, operation, features, perfor- 
mance, advantages, problems, and its history. Other engines beyond the rotary 
engine in the foreseeable future are introduced and include the gas turbine, steam, 
Stirling, stratified charge modification, diesel, and electric engine. 


11-1. OPERATION OF THE ROTARY ENGINE 


The rotary engine, often called the Wankel engine after its inventor Dr. Felix 
Heinrich Wankel, has two major moving assemblies; a three sided rotor and a main 
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shaft. Like its counterpart, the piston in a reciprocating piston engine, the rotor per- 
forms the actions of intake, compression, power, and exhaust. 

The rotor (Fig. 11-1) has three faces; its shape resembles a rounded equilateral 
triangle. At each apex betwcen two facés, there is an apex seal that presses against 
the mirror-like finish of the inside of the housing and seals the pressures of com- 
pression and combustion between the rotor face and the housing Chie, 1122). Whe 
apex seals are bars about 1⁄4 inch thick and are as long as the rotor is thick. The 
bar is spring loaded to take up any slack causcd by heat expansion, imperfect 
machining, and wear. The seals arc comparable to the piston compression rings of 
a reciprocal engine. Each face contains a combustion recess (Fig. 11-1) which is 
similar to the combustion chamber of the reciprocating engine. The sides of the 
rotor contain side seals and oil scals. The internal surface of the rotor mates with 
the eccentric of the crankshaft (Fig. 11-3); the moving internal timing gear meshes 
with the stationary gear (Fig. 11-2) that is fixed to the housing. 


FACE 
SIDE 


COMBUSTION RECESS 


MOVING INTERNAL 
TIMING GEAR 


APEX SEAL (1 OF 3) 
SIDE SEAL 
OIL SEAL 
ROTOR 


Fic. 11-1. The rotor is one of the two major moving assemblies of the rotary engine; the main 


shaft Ccrankshaft) is the other moving assembly. 


HOUSING 
EPITROCHQID PATH 


SPARK PLUG 
0 


MOVING GEAR—- 
STATIONARY GEAR 
MAIN SHAFT 
(CRANKSHAFT) 


EXHAUST PORT 


Fic. 11-2. The apex seals of the rotor follow an epitrochoidal path around the inside of the housing. 


271 


Fic. 11-3. 


SECT. 11-1 / Operation of the Rotary Engine 


ECCENTRIC MOUNTED CIRCULAR JOURNAL 


The crankshaft has an eccentrically mounted circular journal that is turned by the rotor. 


Much the same as the cylinder of the two-cycle reciprocating engine, the rotary 
engine housing (Fig. 11-2) contains an intake port, an exhaust port, and a spark 
plug. The internal shape of the housing rcsembles a fat figure eight; the shape is 
called an epitrochoid. The outside of the housing on smaller engines has fins for 
air cooling. On larger engines, water is circulated in coolant cavities between the 
inner and outer walls of the housing. 

Centered within the rotor, behind the moving gear, is a large circular journal 
that is mounted eccentrically on a straight shaft that passes through the middle of 
the stationary gear in the housing. This shaft is the crankshaft. The power of the 
rotating rotor is applied as direct torque to the crankshaft. For each rotation of the 
rotor, the crankshaft rotates three times. Thus, if the crankshaft spced is 6000 
rev/min, the rotor speed is only 2000 rev/min. 

The actions of intake, compression, power, and exhaust are shown in Figure 
11-4 for one face of the rotor. The rotor apex seal tips follow an epitrochoidal path 
around the inside of the housing making differently sized and shaped areas Cvol- 
umes) between the rotor and the housing as the rotor moves. When the leading 
apex seal of a rotor face passes the intake port, a mixture of air, oil and gasoline 
enters the area between the rotor face and the housing. The mixture continues to 
enter the area (Fig. 11-4A) until the trailing apex seal passes the intake port (Fig. 
11-4B). The air-fuel mixture is now trapped in the area between the apex seals, 
the face, and the housing and the mixture can expand or be compressed as this 
area changes. As the rotor continues its clockwise rotation, the volume of air-fuel 
mixture is compressed to make it more volatile for combustion. At the correct precise 
instant, the ignition spark is generated and jumps between the spark plug electrodes 
igniting the mixture for the. power sequence (Fig. 11-4C). The pressure of com- 
bustion felt on the combustion recess in the rotor face drives the rotor around. When 
the leading apex seal passes the exhaust port (Fig. 11-4D), the exhaust gases escape. 
The trailing apex seal of the face sweeps the gases out as the rotor continues. 

The cycle of operation has only been described for one face of the rotor; there 
are three faces, Hence some of the actions of one cycle are taking place at the same 
time as actions of other cycles. For example in Figure 11-4C, the action at face 1 
is power while the action at face 2 is exhaust and at face 3 is intake. It is easily seen 
that for one complete rotation of the rotor, three power impulses—one for each face 
—are provided. Thus for а crankshaft speed of 6000 rev/min, the rotor speed is 
2000 rev/min and there are 6000 power impulses per minute. A flywheel is at- 
tached to the crankshaft, as in piston engines, to keep the crankshaft rotating at 
a smooth constant speed. 


Fic. 
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INTAKE COMPRESSION (BEGINNING) 


(a) (b) 


POWER EXHAUST 


(c) (d) 
The rotary engine operating cycle has the same four actions as the reciprocating engine. 


A little oil is mixed with the gasoline to lubricate the apex seals. The oil also 
cools the rotor. Oil-to-gasolinc ratios vary by manufacturer from 1:25 to 1:50. Oil 
changes are climinated because the rotary engine is free of blow-by gases that con- 
taminate the oil in reciprocating engines. Connecting rods and valves are not needed 
in the rotary engine. 


11-2. ROTARY ENGINE ADVANTAGES 


For an equivalent horsepower reciprocal engine, the rotary engine is more com- 
pact, of lighter weight, and is mechanically simpler. The size of the rotary engine 
is about one-half the size of a reciprocal engine, it weighs about one-third to one- 
half as much, and it has about 40 percent less parts. The rotary engine docs not 
vibrate like a reciprocal engine; it can always be perfectly balanced. The rotary 
engine is less expensive to make Cabout onc-half to two-thirds the price of a re- 
ciprocal engine of equivalent horsepower) yet at the present time the cost of the 


rotary engine is about the same as for the reciprocal engine because of the limited 
production, 
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Prognosticators estimate that by 1980, about 75 to 95 percent of the engines in 
the United States will be rotary engines. The rotary should potentially be more 
reliable and have lower maintenance costs because it has less parts (less moving 
parts in particular). When slightly more perfected and when industry can change 
its manufacturing, more and more rotary engines will be built. 


11-3. ROTARY ENGINE PROBLEMS 


'The rotary engine has four problems that design engineers are working on to im- 
prove: leakage at the apex seals, fuel economy, exhaust emissions, and manufactur- 
ing operations. The most critical leakage site is at the three apex seals of the rotor 
as the seals travel along the epitrochoid housing. New seal materials and housing 
surfaces are continually bcing developed. Some automobile engine manufacturers 
are currently claiming seals that will last for 100,000 miles. 

Fuel consumption of the prototype rotary engine is higher than the consumption 
of the piston reciprocating engine. Reasons for higher fuel consumption are that 
combustion tends to be slower and occurs later in the cycle and hence is less effi- 
cient than it is in the piston engine, some of the fuel leaks past the apex seals, and 
combustion in the trailing portion of the chamber is slow and irregular. Some of 
the latest rotary engine designs are using two spark plugs to overcome this latter 
problem. Rotary automobile engines are getting about 25 percent less miles per 
gallon than reciprocating engines of equivalent horsepower. Oil consumption in 
automobile rotary engines is rated at about one quart per 1500 to 2000 miles. With 
the elimination of blow-by gases and with the addition of a quart of oil every 1500 
to 2000 miles, automobile engine manufacturers are estimating that by 1980, oil 
changes will be required only every 50,000 miles. 

Exhaust emission problems of the rotary enginc are similar to the problems of 
piston engines. The rotary engine puts out more unburned hydrocarbons and greater 
carbon monoxide, but less nitrogen emissions than the piston engine. One or two 
thermal reactors—catalysts—are used to alleviate emission problems. 

New and highly specialized manufacturing operations are required to mass pro- 
duce the rotary engine with its epitrochoidal shaped rotor housing requiring a super 
finished surface. The apex seals are also sophisticated parts and are made from exotic 
materials. 


11-4. A BRIEF HISTORY OF ROTARY ENGINES 


A number of people experimented and tested variations of the rotary combustion 
engine as early as 1799. It was a German inventor, Dr. Felix Heinrich Wankel, 
however, who developed the working rotary engine that today threatens to revo- 
lutionize the engine industry. Wankel worked for years on the rotary engine. Finally 
in 1951 he contacted the NSU Engine Manufacturing Company in Germany; 
through joint efforts, the production of the rotating combustion engine finally 
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materialized. In 1958 the Curtiss-Wright Corporation of the United States became 
the licensce of the NSU/Wankel Engine in North America. Since then a number 
of United States and foreign engine manufacturers have entered into legal agree- 
ments with Curtiss-Wright and NSU/Wankel for permission to develop and manu- 
facture rotary engines. 


11-5. BEYOND THE ROTARY ENGINE 


Designers are continually striving for a better engine; they are not completely satis- 
fied with the reciprocating engine nor the rotary engine, nor convinced that either 
engine can meet pollution emission requirements. Some of the ideas of the future 
include a gas turbine, a steam engine, the Stirling engine, a stratifed charge modi- 
fication, a diesel engine, and electric engines. 

The gas turbine is a revolutionary engine in the aircraft field and has replaced 
virtually all piston engines over 500 horsepower. It is on the brink of breaking into 
the heavy duty automotive market of large trucks and buses. The gas turbine engine 
is a simple engine; it is essentially a torch that blows against a set of fan blades 
and causes them to turn. The gas turbine is fueled with any liquid combustible, 
usually keroscne for aircraft. 

The steam engine is an external-combustion engine. It is of interest because of 
its clean burning. The most popular steam engine of today is the Rankine cycle 
engine; it involves a furnace boiler with plumbing which leads to either a piston 
engine or a turbine wheel. After most of the power of the steam is used, some re- 
maining heat can be extracted via a regenerator and then added to water that is on 
its way to the boiler. The spent steam is directed to a condenser where it is further 
cooled until it is a liquid again. The liquid is then pumped to the boiler for re- 
heating. 

The Stirling engine is another externalcombustion engine that is continuously 
fired and involves positivc displacement (piston), compression, and expansion. The 
Stirling engine utilizes a completely sealed working fluid and operates at low speeds. 
This enginc has low emissions, low noise levcls, low fuel consumption, and low 
maintenance requirements. This engine has not been designed for mass production. 

A recent development known as compound vortex controlled combustion is a 
principle of modified stratified charge that can be applied to engines now marketed 
for automobiles. This method provides a rich mixture near the spark plug for posi- 
tive combustion and ignites a very lean mixture elsewhere in the combustion cham- 
ber for efficient and clean burning of the fuel charge. The modified stratified charge 
has low emissions, good mileage per gallon of fuel, and can use a range of fuels. 

The diesel engine has been used in trucks, buses, and heavy machinery, but has 
not gained acceptance with automobiles because of high costs, smelly exhaust, poor 
acccleration, and difficulty in starting in cold weather. The diescl is however eco- 
nomical and durable, and requires little maintenance. It has no ignition system. 

As was mentioned in Chapter 1, electric powered engincs are impractical to- 
day except for small powered cngines for short time periods. 
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Hand Tools 


If you are planning to become a small gasoline engine technician, you will need 
the proper tools to perform maintenance correctly and efficiently. Chances are that 
since you have an interest in this mechanical field you probably already have an 
assortment of hand tools. What you need now are the additional hand tools to com- 
plete your set. This appendix describes the hand tools and special tools used by a 
small gasoline engine technician. 

In purchasing hand tools, consider their use. Will they be used daily? Weekly? 
Only occasionally? Is accuracy required? Will they be subjected to abuse? Do you 
plan to use them for their intended purpose? Will the tool become part of your 
permanent workshop? 

If your plans are to usc the tools regularly, buy quality tools from a reputable 
manufacturer. Watch your newspapcr—there are often sales that will lower your 
total costs—but be aware that inexpensive tools are often low in quality. Choose 
inexpensive tools only for abnormal or infrequent use. 

Buy the best tools that you can afford. Buy the tools that you need most first 
and buy the others as your budget permits. Don't reject the idea of buying used 
tools—many a good buy has been made from someone who has lost interest in a 
hobby or job and wants to sell his tools. Watch for sales in the classified section of 
your newspaper. 

It is advisable to buy certain tools in sets because the price of the set is often 
considerably less than the prices of the individual pieces. For example, screwdrivers 
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often come in sets of four or five sizes that cover the normal range of screw sizes. 
Since you'll eventually need all of the sizes, why not (especially when you see a 
brand name set on sale) initially buy a sct? 

Once you have purchased a tool, adopt the following rule that is used by pro- 
fessionals: use quality tools only for their intended purposes. This will ensure that 
screwdriver tips, plicr teeth, wrench openings, and so on, are in proper condition 
at all times and are ready for you to use in performing their intended function in 
the most efficient and accurate manner. 

The following common hand tools arc needed to repair small gasoline engines: 


awl 

drill, electric, with set of twist drills 
epoxy 

files, metal, assorted rough and fine cut 
gauge, feeler (blade type) 

gauge (spark plug, wire type) 

hacksaw 

hammer, ball peen 

hammer, soft-faced 

pliers, needle nose, 6 in. 

pliers, snap ring Coptional) 

punches, pin (set) 

screwdrivers, conventional (set) 
screwdrivers, Phillips hcad (set) 
sealant, vulcanizing silicone rubber 
torch, propane 

tweezers 

vise, bench, 4 inch jaw 

wrench, adjustable open end 

wrench, combination (sct)—English sizes and metric sizes 
wrench, locking plicr Cvise grips) 
wrench, sockct, ratchet drive, Coptional ) 
wrench, spark plug 


wrench, torque Cinch pound calibrations) 


NOTE 


For a complete guide to the selection, description, use, 
and care of hand tools, refer to Everyone's Book of Hand 
and Small Power Tools, by George R. Drake, Reston Pub- 
lishing Company Inc., Reston, Virginia 22090. 
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Completely equipped small engine repair shops will have most, if not all, of the 
following special tools. Figure A-1 illustrates these special tools; sometimes two 
different models are illustrated, but bear in mind that different engine manufac- 
turers have different special tools. Some manufacturers’ tools can be used inter- 
changeably on other manufacturers’ engines; others cannot. 


Hag 


Fic. А-1. Well-equipped repair shops have most of these special tools. 
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Fic, A-l. Repair shop tools (Continued). 
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Fic. A-l. Repair shop tools (Continued). 
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Repair shop tools (Continued). 


Fic. А-1. 
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Fic. A-l. Repair shop tools (Continued). 
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Fic. А-1. Repair shop tools (Continued). 
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Tool 
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Bar, flywheel puller 


Brush, cylinder wall 
microfinishing 


Cleaner, piston groove 
Compressor, piston ring 


Compressor, piston 

ring, pliers type 
Compressor, valve spring 
Cutter, valve seat 
Driver, main and cam 
bearing, combination 
Expander, piston ring 


Extractor, piston pin 


Gauge, compression 
Gauge, ignition timing 
Gauge, vacuum and 
pressure 

Grinding tool, valve, 
lapping 

Heli-coil, thread repair 
kit 

Holder, flywheel 


Hone, cylinder 
Hydrometer, battery 
Nuts, impact 


Plug, spark, test 
Puller, bearing 
Puller, flywheel 
Puller, gear 
Reamer, ridge 
‘Tachometer 


Valve guide, honing set 
Wrench, chain 


Wrench, torque 
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Use 


Simplifies removal of flywheel from crank- 
shaft. 

Deglazes cylinder walls. Produces ideal fin- 
ish for rings to prevent blow-by and to lower 
oil consumption. 

Removes carbon from piston ring grooves, 
Compresses all rings evenly for easy installa- 
tion of piston into cylinder. 

Compresses all rings evenly for easy installa- 
tion of piston into cylinder. 

Used to remove and install valve springs. 
Cuts valve seats. 

Used for installing crankshaft and camshaft 
bearings. 

Expands piston rings for removal and instal- 
lation of rings on piston. 

Removes piston pin from piston and connect- 
ing rod. 

Measures engine compression. 

Used to set correct ignition timing. 
Measures vacuum and pressures. 


Used to lap valve and valve seat. 
Repairs stripped bolt/screw threads. 


Used to hold flywheel when removing fly- 
wheel nut. See wrench, chain. 

Reconditions cylinder bore. 

Checks battery specific gravity. 

Used to remove flywheel from crankshaft 
taper. 

Simulates normal compression firing. 

Used to remove bearings from engine. 
Removes flywheel from crankshaft taper. 
Removes gear from crankshaft. 

Removes ridge from top of cylinder wall. 
Requires contact with moving part. Deter- 
mines speed in rev/min. (vibrating tachome- 
ters also available). 

Hones valve guides. 

Prevents flywheel from turning while fly- 
wheel nut is loosened. See holder, flywheel. 
Measures torque applied to bolts/screws. 


Figure 


Reference 


1 


2 


о —————————— 


284 APP. A / Hand Tools 


The following tools are very special and are only needed in well equipped repair 
shops. The list included here is more for reference than for necessity. 


Bearing clearance guide—"Plasti-gage" simplifies fitting bearing clearances of 
split bearings. 

Bearing driver—Used to remove and install bearings. 

Cam bearing driver—Simplifies installation of precision sleeve cam bearings. 
Connecting rod aligning set—Checks rods with or without pistons. 
Crankshaft run out gauge—Used for checking engines for bent crankshafts. 
Main bearing driver—Simplifes installation of precision sleeve main bearings. 


Oil seal guide and driver—Simplifies seal installation and prevents damage to 
seal surfaces. 


Reamer—Used to ream bearings in blocks. 


Rolling tool—Used to pcen or roll metal around outside diameter of valve 
seat insert after installation. 


Timing advance mechanical cover driver—Used for proper installation of spark 
advance cover. 


Valve guide driver—Assures correct installation of valve guides. 


Valve guide reamer—Used to enlarge valve guide holes so oversize stemmed 
valve can be used. 


Valve insert driver —llsed to drive valve seat inserts in place. 

Valve lock replacer—Simplifies installation of split valve keepers. 

Valve seat driver—Simplifies installation of valve seat into cylinder block. 
Valve seat staker—Assures tight fit of seat. 


A flashlight continuity jig (timing light) can be purchased inexpensively or can 
be easily made by rewiring a flashlight as shown in Figure A-2. Solder all connec- 
tions and use alligator clips on the ends of the leads. 
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LIGHT BULB 


ALLIGATOR CLIP 


FLASHLIGHT 


BATTERIES ON-OFF 
SWITCH 
ALLIGATOR CLIP 


SOLDER TWO CONNECTIONS 
INSIDE FLASHLIGHT 


Fic. A-2. A flashlight continuity jig (timing light) can be easily made. 


The test spark plug shown in Figure А-1 Item 20 can easily be made. Drill and 
tap a hole into the spark plug; bolt an alligator clip onto the plug. Cut the side 
electrode off of the plug. In use connect the alligator clip to the bare metal of the 
engine (ground). Connect the high-tension spark plug wire to the test plug. If a 
spark can jump from the center electrode to the side during an ignition test CSec- 
tion 9-3) the ignition system is operating correctly. 


286 


To Convert 


millimeters 
millimeters 
centimeters 
centimeters 

meters 

meters 

cubic centimeters 
cubic meters 

square millimeters 
Square centimeters 
Square meters 

liters 

liters 

liters 

liters 

grams 

kilograms 

kilograms per square centi- 
meter 

kilograms per cubic meter 
calories, gram (mean) 


and 


Metric to English 
English to Metric 


Conversion Factors 


Into Multiply by 


эсси Macc Lm cc с ЕА 
Metric to English 


inches 

feet 

inches 

feet 

inches 

feet 

cubic inches 
cubic feet 
square inches 
square inches 
square feet 
cubic inches 
pints 

quarts 

U.S. gallons 


ounces, Avoirdupois 


pounds 


pounds per square inch 


pounds per cubic foot 


British Thermal Units (mean) 


0:039 
3,20 x O= 
0.394 
IZE Ж TO= 
39.370 
3.281 
0.016 
2516 
530 ЮЕ 
ОШБУ 
10.764 
СО?» 
PAIS 
1.057 
0.264 
0.035 
2 20У 
4) 228 


0.062 
S nos 
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To Convert Into Multiply by 
English to Metric 
inches millimeters 25.400 
inches centimeters 2.540 
inches meters 0.025 
feet millimeters 304.800 
feet centimeters 30.480 
feet meters 0.305 
cubic inches cubic centimeters 16.389 
cubic inches cubic meters 1.639 x 10-5 
cubic feet cubic meters 0.028 
square inches square millimeters 645.2 
cubic inches liters 0.016 
pints liters 0.473 
quarts liters 0.946 
U.S. gallons liters 3.785 
ounces, Avoirdupois grams 28.349 
pounds kilograms 0.454 
pounds per square inch kilograms per square centi- 0.070 
meter 
pounds per cubic foot kilograms per cubic meter 16.019 


British Thermal Units gram—calories 252.0 


aaa M €————— M MM 
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Inch-Millimeter Equivalents 


of Decimal and 
Common Fractions 


Decimals of an 


Inch i's i's 8ths 16ths 32nds  64ths  Millimeters Inch? 
aS m Ric estqui Sq N ee EO 
1 0.397 0.015 625 
1 2 0.794 0.031 25 
3 TS 0.046 875 
1 2 4 1.588 0:062. 5 
Б 1.984 0.078 125 
3 6 2.381 0.093 75 
7/ 2778 07109 6375 
1 2 4 8 Sali 5s 0.125 0 
9 3572. 0.140 625 
5 10 3.969 0:156 25 
11 4.366 011711375 
3 6 12 4.762 (0:18755 
T3 БОБО 0.203 125 
7 14 57556 0218 75 
15 5:959 0.234 375 
1 2) 4 8 16 6.350? 0.250 0 
17 6.747 0.265 625 
9 18 7.144 0261525 
19 7.541 0.296 875 
5 10 20 7.938 08102565 
21 8.334 0.328 125 
lal 22 ВЭ 0.343 75 
23 9.128 073596375 
3 6 12 24 91525 037510 


APP. C / Inch-Millimeter Equivalents 


Decimals of an 


Inch 3's x's 8ths 16ths S32nds  64ths Millimeters Inch? 
25 9.922 0.390 625 
13 26 10.319 0.406 25 
27 10.716 0.421 875 
7 14 28 11.112 0.437 5 
29 11.509 0.453 125 
15 30 11.906 0.468 75 
31 12.303 0.484 375 
1 2 4 8 16 32 12.7002 0.500 0 
33 13.097 0.515 625 
17 34 13.494 0.531 25 
35 13.891 0.546 875 
9 18 36 14.288 0.562 5 
37 14.684 0.578 125 
19 38 15.081 0.593 75 
39 15.478 0.609 375 
5 10 20 40 15.8752 0.625 0 
41 16.272 0.640 625 
21 42 16.669 0.656 25 
43 17.066 0.671 875 
11 22 44 17.462 0.687 5 
45 17.859 0.703 125 
23 46 18.256 0.718 75 
47 18.653 0.734 375 
3 6 12 24 48 19.0502 0.750 0 
49 19.447 0.765 625 
25 50 19.844 0.781 25 
51 20.241 0.796 875 
13 26 52 20.638 0.812 5 
53 21.034 0.828 125 
27 54 21.431 0.843 75 
55 21.828 0.859 375 
7 14 28 56 22-0258 0.875 0 
57 22.622 0.890 625 
29 58 23.019 0.906 25 
59 23.416 0.921 875 
15 30 60 23.812 0.937 5 
61 24.209 0.953 125 
31 62 24.606 0.968 75 
63 25.003 0.984 375 
1 2 4 8 16 32 64 25.4007 1.000 0 


2 Exact. 


Decimal Equivalents 


of Millimeters 
(0.01 to 400 mm) 


mm. Inches mm. Inches mm. Inches mm. Inches mm. Inches 


0.01 0.00039 0.41 0.01614 0.81 0.03189 21 0.82677 61 2.40157 
0.02 0.00079 0.42 0.01654 0.82 0.03228 22 0.86614 62 2.44094 
0.03 0.00118 0.43 0.01693 0.83 0.03268 23 0.90551 63 2.48031 
0.04 0.00157 0.44 0.01732 0.84 0.03307 24 0.94488 64 2.51968 
0.05 0.00197 0.45 0.01772 0.85 0.03346 25 0 98425 65 2.55905 
0.06 0.00236 0.46 0.01811 0.86 0.03386 26 .02362 66 2.59842 
0.07 0.00276 0.47 0.01850 0.87 0.03425 27 1.06299 67 2:63779 
0.08 0.00315 0.48 0.01890 0.88 0.03465 28 1.10236 68 2.67716 
0.09 0.00354 0.49 0.01929 0.89 0.03504 29 1.14173 69 2.71653 
0.10 0.00394 0.50 0.01969 0.90 0.03543 30 1.18110 70 275590 
0.11 0.00433 0.51 0.02008 0.91 0.03583 ЗИ 1.22047 71 2.79527 
0.12 0.00472 0.52 0.02047 0.92 0.03622 32 1.25984 72 2.83464 
0.13 0.00512 0.53 0.02087 0.93 0.03661 33 1.29921 73 2.87401 
0.14 0.00551 0.54 0.02126 0.94 0.03701 34 1.33858 74 2.91338 
0.15 0.00591 0.55 0.02165 0.95 0.03740 35 1.37795 ЛЫ 2.95275 
0.16 0.00630 0.56 0.02205 0.96 0.03780 36 1.41732 76 299212 
0.17 0.00669 0.57 0.02244 0.97 0.03819 37 1.45669 77 3.03149 
0.18 0.00709 0.58 0.02283 0.98 0.03858 38 1.49606 78 3.07086 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


ES 


0.19 0.00748 0.59 0.02323 0.99 0.03898 39 .53543 79 3.11023 
0.20 0.00787 0.60 0.02362 1.00 0.03937 40 .57480 80 3.14960 
0.21 0.00827 0.61 0.02402 61417 81 3.18897 
0.22 0.00866 0.62 0.02441 .65354 82 3 22834 
023 0.00906 0.63 0.02480 .69291 83 3.26771 
0.24 0.00945 0.64 0.02520 123228 84 3.30708 
0.25 0.00984 0.65 0.02559 .27165 85 3.34645 
0.26 0.01024 0.66 0.02598 .81102 86 3.38582 
0.27 0.01063 0.67 0.02638 .85039 87 3.42519 
0.28 0.01102 0.68 0.02677 0.31496 48 .88976 88 3.46456 
0.29 0.01142 0.69 0.02717 0.35433 49 .92913 89 3.50393 
0.30 0.01181 0.70 0.02756 10 0.39370 50 1.96850 90 3.54330 
0.31 0.01220 0.71 0.02795 11 0.43307 51 2.00787 91 3.58267 
0.32 0.01260 0,72 0.02835 12 0.47244 52 2.04724 92 3.62204 
0.33 0.01299 0.73 0.02874 13 0.51181 53 2.08661 93 3.66141 
0.34 0.01339 0.74 0.02913 14 0.55118 54 2112598 94 3.70078 
0.35 0.01378 075 0.02953 15 0.59055 55 2.16535 95 3.74015 
0.36 0.01417 0.76 0.02992 16 0.62992 56 2.20472 96 3.77952 
0.37 0.01457 0.77 0.03032 17 0.66929 57 2.24409 97 3.81889 
0.38 0.01496 0.78 0.03071 18 0.70866 58 2.28346 98 3.85826 
039 0.01535 0.79 0.03110 19 0.74803 59 2.32283 99 3.89763 
0.40 0.01575 0.80 0.03150 20 0.78740 60 2.36220 100 3.93700 


0.03937 41 
0.07874 42 
0.11811 43 
0.15748 44 
0.19685 45 
0.23622 46 
0.27559 47 


о сом со тшт PWN = 
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English System of 
Weights and Measures 


Linear Measure (Length) 


1000 mils = 1 inch (in.) 

12 inches = 1 foot (ft.) 
3 feet = 1 yard (yd.) 

5280 feet = 1 mile 


1 


Square Measure (Area) 
144 square inches (sq.in.) = 1 square foot (sq.ft.) 
9 square feet = 1 square yard (sq.yd.) 
Cubic Measure (Volume) 
1728 cubic inches (cu.in.) = 1 cubic foot (cu.ft.) 
27 cubic feet = 1 cubic yard (cu.yd.) 
231 cubic inches = 1 U.S. gallon (gal.) 
277.27 cubic inches = 1 British imperial gallon (i.gal.) 
Liquid Measure (Capacity) 
4 fluid ounces (fl.oz.) = 1 gill (gi.) 
2 pints = 1 quart (at.) 
4 quarts = 1 gallon 


Dry Measure (Capacity) 


2 pints = 1 quart 
8 quarts = 1 peck (pk.) 


Weight (Avoirdupois) 


27.3438 grains = 
16 drams = 1 ounce (oz.) 
16 ounces pound (1Ь.) 


1 dram (dr.) 

1 

1 
100 pounds = 1 hundredweight (cwt.) 

1 

1 

1 


1! 


112 pounds = 1 long hundredweight (l.cwt.) 
2000 pounds short ton (S.T.) 
2240 pounds = 1 long ton (L.T.) 


29] 
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Weight (Troy) 


24 grains = 1 pennyweight (dwt.) 
20 pennyweights = 1 ounce (oz.t.) 
12 ounces = 1 pound. (Ib.t.) 


Angular or Circular Measure 


60 seconds = 1 minute 
60 minutes = 1 degree 
57.2958 degrees = 1 radian 
90 degrees = 1 quadrant or right angle 
360 degrees = 1 circle or circumference 
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Metric System of 


Weights and Measures 


Linear Measure (Length) 


1/10 meter 

1/10 decimeter 
1/10 centimeter 
1/1000 millimeter 
1/1000 micron 
10 meters = 

10 dekameters = 
10 hectometers 
10 kilometers = 


1 
1 
1 
1 
1 
1 
1 
1 
1 


decimeter (dm) 
centimeter (cm) 
millimeter (mm) 
micron (44) 
millimicron (т 2) 
dekameter (акт) 
hectometer (hm) 
kilometer (km) 
myriameter 


Square Measure (Area) 


1 are = 1 square dekameter (dkm?) 
1 centare = 1 square meter (m?) 
1 hectare = 1 square hectometer (hm?) 


Cubic Measure (Volume) 


1 stere = 1 cubic meter (m?) 
1 decistere = 1 cubic decimeter (dm3) 
1 centistere = 1 cubic centimeter (cm?) 
1 dekastere = 1 cubic dekameter (dkm?) 


Capacity 

1/10 liter = 1 deciliter (dl) 
1/10 deciliter = 1 centiliter (cl) 
1/10 centiliter = 1 milliliter (ml) 
10 liters = 1 dekaliter (dkl) 
100 liters = 1 hectoliter (hl) 

1000 liters = 1 kiloliter (kl) 

1 kiloliter = 1 stere (s) 
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APIS 


1/10 gram 
1/10 decigram 
1/10 centigram 

10 grams 

100 grams 


1000 grams = 
10,000 grams = 
100,000 grams = 


1,000,000 grams 


/ Metric System of Weights and Measures 


Weight 


decigram (dg) 
centigram (cg) 
milligram (mg) 
dekagram (dkg) 
hectogram (hg) 
kilogram (kg) 
myriagram 
quinta! (q) 
metric ton (t) 
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OBVIOUS DAMAGE 


REPLACE BATTERY 


Battery Test Procedures 


INTRODUCTION—To determine the ability of a battery to function properly requires testing. The accuracy of the testing 
changes with temperature, specific gravity, age of the battery, etc. An accurate test has more than one step. 


Step 1: Visual inspection Step 3: 421 test* 
Step 2: Specific gravity check (hydrometer) Step 4: Load test* 


Testing Cautions: Wear safety glasses. Do not break live circuits at battery terminals. When testing, be certain to remove 
gases at battery cover caused by charging. 

*'42]" and Load Test equipment is available from many automotive test equipment suppliers. 

Your Delco wholesaler is able to advise you as to price and availability of this equipment. 


STEP 1 


VISUAL INSPECTION 
CHECK FOR OBVIOUS DAMAGE SUCH AS A CRACKED 
OR BROKEN CASE THAT SHOWS LOSS OF ELECTROLYTE 


NO OBVIOUS DAMAGE 
CHECK ELECTROLYTE LEVEL 


ELECTROLYTE LEVEL ABOVE TOP OF PLATES 
IN ALL CELLS—PROCEED TO STEP 2 


BELOW TOP OF PLATES IN ONE OR MORE CELLS 


ADD WATER TO JUST ABOVE SEPARATORS BUT 
NOT TO SPLIT RING. 


CHARGE FOR 15 MIN. @ 15-25 AMPS WITH 
NON-FLAME ARRESTOR VENT CAPS REMOVED 
BUT LEAVE FLAME ARRESTOR CAPS IN PLACE 


STEP 2 


SPECIFIC GRAVITY (HYDROMETER) TEST 


LESS THAN 50 POINTS VARIATION 
BETWEEN HIGHEST AND LOWEST CELL 


50 POINTS OR MORE VARIATION 
BETWEEN HIGHEST AND LOWEST CELL 


SPECIFIC GRAVITY LESS THAN 
1.100 IN ONE 
OR MORE CELLS 


PROCEED TO 
STEP 4 


SPECIFIC GRAVITY 1.100 @ 80° 
OR MORE IN 
ALL CELLS 


REPLACE BATTERY 


iF "421" TESTER IS 
AVAILABLE GO TO STEP 3. 
IF NOT AVAILABLE 
GO TO STEP 4. 
(6 & 8 VOLT PROCEED 
TO STEP 4) 
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STEP 3 


CONNECT 300 AMP LOAD FOR 15 SEC. 
AZ EST 


METER READING "GOOD" 


NO HISTORY OF TROUBLE HISTORY OF TROUBLE 

PROCEED TO STEP 4 
FULLY CHARGE, CLEAN, 
ADD WATER TO SPLIT 


RING AND RETURN 
BATTERY TO SERVICE 


METER READING "BAD" 
REPLACE BATTERY 


STEP 4 


CHARGE BATTERY, IF NECESSARY, UNTIL ALL 
CELLS ARE AT LEAST 1.200 SPECIFIC GRAVITY 

(1.230 SPECIFIC GRAVITY FOR E-2000 SERIES BATTERY) 

REMOVE ALL VENT CAPS 


IF UNABLE TO OBTAIN SPECIFIC GRAVITY OF SPECIFIC GRAVITY OF 1.200 OR MORE @ 80° 
1.200 @ 80° IN ALL CELLS (1.230 FOR £-2000) IN ALL CELLS (1.230 FOR Е-2000) 


REPLACE BATTERY 
CONNECT 300 AMP LOAD FOR 15 SEC. 


"SMOKE" IN ONE OR MORE CELLS “NO SMOKE” 
REPLACE BATTERY . PLACE THERMOMETER IN ONE CELL 
2. APPLY SPECIFIED LOAD LISTED IN SPECIFICATIONS 


(7D-187) 
3. READ VOLTAGE AT 15 SECONDS WITH LOAD CONNECTED 
4. REMOVE LOAD AND READ ELECTROLYTE TEMPERATURE, 
THEN COMPARE VOLTAGE AND TEMPERATURE READINGS 
WITH CHART BELOW 


LESS THAN VOLTAGE SAME AS OR GREATER, |FULLY CHARGE, CLEAN, ADD 
ON CHART THAN VOLTAGE ON WATER TO SPLIT RING 


CHART AND RETURN BATTERY 
REPLACE BATTERY 


TO SERVICE 
VOLTAGE AND TEMPERATURE CHART 


Voltage must not drop below minimum listed at given temperature when battery is 
subjected to the proper load for 15 seconds and is 1.200 specific gravity @ 80" or more. 


MINIMUM VOLTAGES 


Electrolyte Temperature Down To: 


= 


Voltage 
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illustrated Parts of 


Typical 


Small Gasoline Engines 


The illustrations in this appendix show the parts and electrical circuits of typical 
small gasoline engines. See if you can identify the parts in the illustrations by cor- 
rect name. If you have difficulty or want to check your answer, refer to the keyed 


parts lists. The following illustrations are included: 


Assembled View in 
Illustration Subject Page Text—Figure No. 
H-1 Two-stroke cycle, retractable 327 1-3A 
rope starter, magneto- 
ignition, lawn mower engine. 
H-2 Two-stroke cycle, electrical 329 ]-3B 
starter, self propelled, magneto- 
ignition, lawn mower engine. 
H-3 Four-stroke cycle, two cylinders, 331 1-16 
horizontally opposed pistons. 
Used for industrial applications. 
H-4 Two-stroke cycle, single 232 1-17 
cylinder, multipurpose saw. 
H-5 Two-stroke cycle, single 337 — 


cylinder engine. 
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Assembled View in 
Illustration Subject Page Text—Figure No. 
H-6 Location diagram of an outboard 230 -— 
engine, two-cycle, two cylinders, 
9.9 horsepower at 5000 rev/min. 
H-7 Location diagram, four-cycle 340 -— 
engine. 
H-8 Electrical diagram of a — 
trackster. 
H-9 Electrical wiring diagram of a 342 H-6 


manual start two-cycle, two 
cylinder, outboard engine. 
H-10 Electrical wiring diagram of an 342 H-6 
electric start, two-cycle, two 
cylinder, outboard engine. 
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Fic. H-1. Illustrated parts breakdown of a two-stroke cycle lawn mower engine. The engine 
magneto, retractable rope starter, and carburetor are illustrated. 


> 
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Fic. H-1. Illustrated parts breakdown of a two-stroke cycle lawn mower engine CContinued) 
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Ref. 


No. Description Description 


* | Governor Assembly 1 Lockwasher 

1 |. Yoke - Governor 1 Nut 

2 |. Collar - Governor 1 Cap 

3 |. Weight - Governor 2 Shroud and Shield Assy. 

4|. Spring - Governor 1 

5|. Thrust Washer 1 CARBURETOR 

6|. Collar - Thrust 1 * | Carburetor Assy. 1 
7|. Lever - Governor 1 1| . Pin- Float Arm Hinge 1 
8 | Screw - Attaching Dust Cover 3 2 |. Float and Arm Assy. 1 
9 | Dust Cover 1 3 | . Gasket - Float Chamber 1 
10 | Rod - Governor 1 + |. Float Chamber & Dump 

11 | Bar - Shut-Off and Primer 1 Valve Assy. jr 
12 | Spring - Shut-Off Switch ii 4|. « Valve Stem 1 
13 | Blade - Switch al 5 |. . Valve Seat 1 
14 | Cam - Spark Advance 1 6|. . Chamber - Float 1 
15 | Spring - Spark Advance Т m Valve Spring il 
16 | Flyweight - Spark Advance Ji Ba Valve Keeper 1 
17 | Retainer - Spring T 9 |. Screw - Float Chamber 4 
18 | Pin - Spark Advance 1 10 |. Nozzle 1 
19 | Screw - Arm. Plate to Crankcase 3 11 | . Carburetor Body Assy. il 
20 | Pad - Rubber, Arm. Plate 2 12]. . Screw 2 
21 | Key - Crankshaft 1 13]. . Float Valve & Seat 1 
22 | Crankshaft 1 14 |. . . Washer - Float Valve Seat 1 
* | Piston & Connecting Rod Assy. 1 1б ie M Gp 1 
23 | . Ring Set (2 Rings) 1 16 |. Grip Ring Ш 
24 | . Wrist Pin 1 17 |. Spring - Needle Adj. 2 
25 Retaining Ring - Wrist Pin 2 18 |. Knob - Needle Adj. 1 
26 Piston Т 19 |. Needle Assy. 1 
27 Connecting Rod Assy. 1 20 |. Spring - Throttle L 
28 Lockplate 2 21 |. Throttle Shaft & Lever Assy. 1 
29 Screw 2 22 |. Disc - Throttle 1 
30 Liners - Connecting Rod al 23 |. Serew - Throttle Shaft Disc i 
31 . Needle Set | 1 24 |. Primer Assy. 1 
32 | Gasket- Crke.to Arm. Pl. .005in. A/R 25 cx Knob Primer 1 
32 | Gasket- Crkc.to Arm. Pl. .010in.| A/R 26 |. . Cotter Pin 1 
33 | Serew - Machine, Cyl. to Crkc. 4 27 |. . Spring Compression 1 
34 | Gasket - Cyl. to Crankcase 1 28 |. . Washer - Plain 1 
35 | Cylinder and Sleeve Assy. 1 о Озар 1 
36 | Spark Plug and Gasket 1 30 |, Filter 1 
37 | Sleeve - Exhaust Gasket i EI 202 

38 | Gasket - Exhaust Т MAGNETO AND STARTER 

39 | Crankcase and Seal Assy. 1 1 | Handle - Starter 1 
40 | . Oil Seal 1 2 |Spring - Starter Rope Retainer 1 
41 | Gasket - Reed Plate il + | Starter Assembly 1 
42 | Reed Plate Assembly 1 3 |. Spring - Cup - Pin Assy, 1 
43 | . Reed il 4 |. Spring - Starter 1 
44 Plate - Back- Up il 5 |. Pulley - Starter 1 
45 | . Screw - Machine 2 6 Rope - Starter 1 
46 | Ser, - Reed Pl. to Crke, d 7 Plate - Starter Pulley il 
47 | Gasket - Carburetor 1 8 Spring - Starter Pinion 1 
48 | Carburetor Assembly al 9 Pinion - Starter 1 
49 | Gasket 1 Retainer - Push-On 1 
50 | Scr. - Reed Pl. to Crkc. 1 . Screw - Threaded Cutting Starter 3 
51 | Cup - Air Filter 1 High Tension Lead Assy. 1 
52 | Plate - Back-Up 1 Cover & Terminal Assy. 1 
53 | Screw - Filter to Carburetor 2 Coil & Lamination Assy. 1 
54 | Element - Air Filter 1 Ser. - Lamination Mtg. 2 
55 | Screen - Air Filter 1 Ser, - Starter Attach. 1 
56 | Flywheel and Screen Assy. 1 Clamp - Starter Pin il 
57 Screen and Cup 1 Arm. Pl., Brg. & Oil Seal Assy. 1 
58 Screw 4 > Bie, 1 
59 | Lockwasher - Flywheel 1 . Oil Seal i 
60 | Nut - Flywheel il Ser. - Cond. Mtg. 1 
61 | Gas Line 1 Cond. & Nut Assy. 1 
62 | Screw - Shroud to Armature Nut 1 

Plate 4 Grommet - Nylon 1 

+ | Shroud and Gas Tank Assy. il Terminal & Lead Assy. Jl 
63 Shut-Off Valve 1 Ser. - Shut-Off Sw. 1 
64 Gas Tank Assy, 1 Brkr. Base & Arm Assy. 1 
65 |. . Clamp 1 Ser. - Breaker Base 1 
66 |. Decal - LAWN-BOY 1 Grommet 1 
67 |. Decal - Instruction 1 Clip 1 


Fic. H-l. Illustrated parts breakdown of a two-stroke cycle lawn mower engine CContinued). 
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Ref. No. ioe Part No. Ref. | Part 
No. Description Req'd. No. Description Req'd. No. | No. Description Bm 
Nut 41607577} Gasket 1 5 1607692) Screw 
Lockwasher 607578 | Case - Air 607693] Flat Washer 
Flywheel and Filter 1 608584| Rope Guard Е 
Screen 56 [602775 | Screw 2 
Assy. 1 57 607580 | Element 1 ЕЕ 
4}. Screw 4 58 |607579 | Washer 1 679710 | Carburetor 
5|. Screen il 59 [602192 | Screw il 1|602850|. Gasket 1 
+| Governor Assy. al 60 |605076 | Washer 2 679623|. Float Chamber 
6|. Yoke 1 611606007 | Screw 2 & Dump 
7|. Collar 1 679609 | Air Baffle Valve Assy. 1 
8| . Weight 2 Assembly 1 . . Dump Valve 
9}. Spring 1 63 |607745 |. Screw 2 ASSy. 1 
01. Thrust 64 608027 Fastener 1 . . . Valve Stem 1 
Washer 1 65 |607844| . Cap 1 +» » « Valve Seat 3 
. Collar 1 66|607311|. Base 1 * +. Valve 
Lever 1 67 |607310|. Bulb 1 Кеерег 1 
Код 1 68|679691 Bracket 1 ss . Valve 
Screw - Arm. 69 |607607 | Screw 3 Spring 1 
Plt. to C'case 3 70 |607575] Tubing 1 . Screw 4 
Bracket 1 71 |605120 | Grommet 7 . Float & Arm 
Screw 3 72|679607| Knob & Rod 1 ASSy. 1 
Spring 1 73 |607845 | Grommet 1 Float Valve & 
Tab 1 74604857 | Screw 2 Seat Assy. 1 
Key 1 75 |679610| Bracket 1 . Clip 1 
Piston & Con- 1681151 | Shroud, Tank, . . Washer JL 
necting Rod Valve and . Disc 1 
ASSy. 1 Decal . Spring 1 
. Connecting Assy. 1 . Shaft 1 
Rod & Brg. 1 681064 Fuel . Screw 1 
. . Screw 2 Shut Off . Spring 1 
. . Lockplate 2 Assy. 1 . Tubing He 
. . Liners 1 77|608657| . Decal - . Screw 1 
. . Needle Left . Carburetor 
Brg. Set 1 Side 1 Body Assy. 1 
. Retaining 78|608658| . Decal - . Washer 1 
Ring 2 Right . . Plug 1 
. Wrist Pin 1 Side 1 . Float Pin Т 
. Piston 1 79 | 608659| . Decal - . Grip Ring 1 
. Ring Set 1 Lawn- Boy 1l 
Spark Plug 1 608662| . Decal- 
Cylinder 1 Caution 1 
Gasket 1 811607581| Gas Line 1 Screw 2 
Screw 4 82|605119| Screw 7 C.D. Ignition 
Gasket 1 831679456| Fuel Cap 1 Pack 1 
Crankshaft 1 84|608663| Plug 1 . High Tension 
Gasket 1 +|679674| Electric Lead 1 
Crankcase, Starter . . Cover and 
Brg. & Seal 1 Assy. 1 Terminal 
. Seal, 679675|. Motor and Assy. 1 
Driveshaft Bracket Arm. Plate Brg. 
Driveshaft Assy. il & Seal 1 
Washer 86[608034|. Pinion 1 . Seal 1 
Screw 681098|. Gear . Bearing 1 
Seal, Crank- Assy. il Clamp 1 
shaft 88|608622| . . Retainer 1 Screw 1 
Cover 607683}. Gasket, Handle 1 
Gasket Gear Hsg. Starter Assy. 1 
Washer, Thrust Cover 1 . Retainer 1 
Gear 607684|. Gear Housing . Screw 3 
Reed Plate Cover 1 . Plate 1 
. Screw - 607685|. Screw, . Rope 1 
Reed to Gear Hsg. |. Pulley i 
Plate Cover . Spring 1 
. Plate . Starter Pinion . Cup & Pin 
. Reed . Spring Assy. 
Screw . Stop . Spring 
Gasket Washer, . Pinion 
Carburetor Pinion 


* Not Shown 


Fic. H-2. Illustrated parts breakdown of a two-stroke cycle self-propelled lawn motor engine. The 
engine, magneto, electric starter, and carburetor are illustrated. 
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Fic. H-2. Illustrated parts breakdown of a two-stroke cycle self-propelled lawn motor engine (Con- 
tinued). 
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Fic. H-3. Location diagram for parts of a four-cycle, two-cylinder engine. The cylinders have 
horizontally opposed piston, 3% inch bores, and 3 inch strokes. The engine develops 
approximately 13 bhp at 2700 rev/min. The compression ratio is 5.5 to 1. 
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Fic. H-3. Location diagram for parts of a four-cycle, two-cylinder engine (Continued). 
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Illustrated parts breakdown of a two-stroke cycle multipurpose saw. 


Description Qty. No. Description Qty. 
SCREW-hex, spinlock, 12-24 x 5/8 4 23 STUD-shoulder 2 
STARTER HOUSING 1 24 PAWL-starter 2 

Includes: 25 WASHER-lock, #12 2 
STUD-drive 11 26 SPRING-starter pawl 2 
SCREEN-starter housing 1 27 КОТОК - magneto 1 
BUSHING-rewind spring 1 28 CA P-dust 1 
BUSHING-starter post ү 29 SCREW-pan, 8-32 x 3/4 7 
BUSHING-starter rope 1 30 WASHER-lock, #8 Hi 
RING-air flow 1 31 COIL-core and generator 1 
INSER T- rope retaining 1 32 MODULE- ignition 1 
GRIP-starter rope 1 33 SCREW-hex, 1/4-20 x 5/8 3 
ROPE-starter (48" long) #5 1 *з4 PLATE-back uy 
SHIELD-spring (inner) 1 Includes: 
SPRING-rewind 1 35 SEAL 1 
SHIELD-spring (outer) 1 36 BEARING-roller 1 
PULLEY & CUP ASSEMBLY 1 37 SCREW-rd. hd. 1/4-20 x 5/8 1 
Inciudes: - 38 COIL-transformer 1 
BUSHING-spring lock 1 39 LEAD-high tension 1 
LOCK-rewind spring 1 40 TER MINA L-spark plug 1 
WASHER- retaining 1 41 LEAD-transformer 1 
SCREW-hex, 10-32 x 1/2 1 42 PLATE-"ON-OFF" 1 
NUT-hex, jam, 3/8-24 1 43 SWITCH il 
WASHER-Iock, 3/8 1 Includes: 
WASHER- flat 1 44 NUT e 1 


*Denotes new parts 


Fic. H-4. Parts of a two-stroke cycle 
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multipurpose saw (Continued). 


1 
2 
3 
No. Description (hag, No, Description Qty. 
1 PISTON & PIN 1 $23 CAP-fuel filler 1 
Includes: Includes: 
2 RING-piston pin retaining РА 229 GASKET-fuel cap 3l 
3 PISTON RING 2 *30 RETAINER il 
4 WASHER-thrust 2 e LINE-fuel (flexible) 1 
5 ROD-connecting 1 32 FILTER-fuel 1 
Includes: Includes: 
6 BEARING-needle 1 33 FILTER-fett 1 
7 SCREW-soc, hd. 8-32 x 9/16 2 34 CONNECTOR-fuel jl 
8 BEARING-needle (set of 28) 1 35 CLAMP-fuel line 1 
9 KEY-woodruff 1 36 SCREW-pan, 6-32 « 5, 16 1 
10 CRANKSHAFT 1 aT LINE-fuel 1 
TI SCREW-bearing retainer 0 38 SCREW-adysting 1 
12 WASHER-lock д 39 PIN-adiusting il 
13 BEARING-ball 1 40 NUT-flexloc, 1,4-20 1 
14 RING-retaining 1 41 GASKET-~-cylinder 1 
15 "O" RING 1 42 BODY-muffler jl 
16 CRANKCASE & TANK 1 Includes: 
Includes; 43 PLA TE- muffler body 1 
17 SCREW-fil. hd. 8-32 x 1-3/4 1 44 BAFFLE-muffler 1 
18 SCREW-fil. hd. 8-32 x 5/8 6 *45 CAP-muffler 1 
19 GASKET-fuel tank 1 46 SCREW-shoulder 3 
20 COVER-fuel tank 1 47 CYLINDER -2-1, 16" bore 1 
21 BOLT-guide bar 2 Includes: 
22 SCREW-fil. hd. 8-32 x 2-3/16 8 48 SCREW-spiniock 3 
23 PIN-dowel 2 48 SPARK PLUG-Cha mpion CJ-6 1 
24 STUD А Includes: 
25 SEAL 1 50 GASKET 1 
26 SHIELD-sawdust 1 51 NUT-hex, 1,1-28 4 
27 DECA L-caution 1 52 WASHER-lock, 1, 4 4 
*Denotes new parts * Cap-muffler and baffle (accessory) 


Fic. H-4. Parts of a two-stroke cycle multipurpose saw (Continued). 
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No Description Qty. No. Description Qty. 
1 RETAINER-reed valve 1 жїз RING-air filter mounting 1 
2 REED-valve 1 Includes: 
3 SEA T-reed valve 1 *28 GASKET-air lilter 1 
4 GASKET-reed valve seat 1 24 BOOT-throttle rod 1 
5 MANIFOLD- intake 1 zu ROD-throttle 1 
б SCREW-pan hd. 8-32 х 1-1/8 3 +26 BRACKET-cover mounting 1 
14 GASKET-carburetor 1 27 PIN-throttle latch 1 
8 LINE-Juel 1 28 SPRING-throttle latch 1 
vog CARBURETOR 1 29 SCREW-fil. hd, 5-324 5 5 1 
10 PIN-cotter 1 30 COV ER-throttle handle 1 
11 ROD-choke 1 Includes: 
Includes: 41 BUSHING-n lon 1 
12 GROMMET 1 32 RING-retainer i 
13 WASHER-lock #10 2 33 PIN-trigger latch 1 
14 SCREW-hes hd, 10-32 x 1-7/8 2 34 TRIGGER-throttle 1 
*15 NUT-cover mounting. 1 35 SCREW-pan hd. spinlock, 5-32 x 1 2 2 
16 WASHER-nylon 1 36 GRIP-throttle handle cover 1 
p) WASHER- rubber 1 37 GRIP-throttle handle 1 
18 RING-retaining 1 #38 HANDLE- throttle 1 
*19 COVER-air filter 1 39 SCREW-hex 1 
Includes: *10 GROMMET-"LO" 1 
* GASKET-air filter (not shown) 1 abil SCREW-pan hd. 3-342» 1 4 i 
20 ELEMENT-air filter 1 *12 SCREW- idle adjustment i 
*21 ELEMENT-air filter (foam) 1 43 SCREW-hex, spinlock, 12-21 s 4/8 4 
44 GASKET-throttle handle 1 


*Denotes new parts 


Fic. H-4. Parts of a two-stroke cycle multipurpose saw (Continued). 


(л oe C) tO n 


*15 


23 


Description Qty. No Description 

HANDLE BAR 1 *16 RING-retaining 
SCREW-soc. hd, 1/4-2 x 1 1 *17 BEARING-fan and pump shaft 
BOLT-blade 1 *18 ARM-blade 
WASHER- outer 1 *19 PULLEY-driven 
WHEEL-masonary (10 wheels in package) 1 *20 NUT-elastic stop, 7 16-H 
WHEEL-metal 1 21 NUT-hes, 3, 8-16 
WHEEL-stainless 1 22 COVER-drivecase 
WHEEL-transite 1 23 BELT-drive 
WHEEL-aluminum 1 *24 RACE-inner 
WHEEL-copper 1 *25 PULLEY-bearing and drum assembly 
WHEE L-ductile iron 1 Includes: 
BLA DE-saw 1 VER BEARING 
SPACER-blotter (included with wheel pkg.) 2 21 WASHER-thrust (inner) 
WASHER- inner 1 * CLUTCH 
GUARD-blade 1 Includes: 

Includes: ADS PLA TE-clutch 

SLEEVE-blade guard il 29 SPRING-cluteh 
KIT-hook-bolt & clamp 1 *30 SHOE-clutch 

Includes: 31 COVER-clutch 

CLAMP 2 32 SCREW-hex, spinlock, 12-24 x 3/4 

BOLT-hook 1 *33 BRACKE T-handle bar 
SCREW-hex, spinlock, 1/4-20 x 1/2 2 *34 SPACER-shock mount 
CLAMP 1 eno SPACER-shock mount 
SCREW-hex, spinlock, 1/4-20 x 13/16 1 *36 SPACER-handle bar 
RING-retaining 1 om SCREW-soc. сар, 1;4-20 x 1-7/8 


*Denotes new parts Toptional 


Fic. H-4. Parts of a two-stroke cycle multipurpose saw (Continued). 
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APP. H / Illustrated Parts of Typical Small Gasoline Engines 


Z 
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ны ыы н ы 
со -3 Dok Co 


Description 


SCREW-rd. 4-40 x 3/16 
WASHER-lock #4 
SHUTTER-throttle 
WASHER-lock #6 
SCREW-fil. 6-32 x 3/8 
COVER -fuel pump diaphragm 
GASKET-pump diaphragm 
DIAPHRAGM 

SCREEN-fuel inlet 
CLIP-throttle shaft retaining 
GASKET-governor valve 
GOVERNOR VALVE 
SCREW-rd. 4-40 x 1/4 
LEVER-choke 

SHAFT-choke 

SPRING-choke friction 
BALL-choke friction 
SHUTTER-choke 


* Denotes new parts 


Qty. 


н 2 ыз ыз ыз @Л La ыз ка ыз ык ыз HB s- М 


No Description Qty. 
19 NEEDLE-inlet 1 
20 SPRING-control lever 1 
21 LEVER-inlet control 1 
22 PIN-control lever fulcrum 1 
23 SCREW-oval 4-40 x 1/4 1 
24 GASKET-main diaphragm 1 
25 DIA PHRAGM-main control 1 
26 COVER-main diaphragm 1 
x2 VALVE-check 1 
28 PLUG-extension (large) 1 
29 SPRING-adjustment needle 1 
30 SCREW-idle adjustment 1 
Bil SHAFT-throttle w/lever 1 
32 SPRING-throttle shaft return 1 
33 GASKET SET 1 
34 REPAIR KIT 1 
DIAPHRAGM & GASKET SET 1 


t Included in Repair Kit 


Fic. H-4. Parts of a two-stroke cycle multipurpose saw (Continued). 
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Fic, H-5. Illustrated parts breakdown of a two-stroke cycle single-cylinder engine. 
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Fic. H-6. Location diagram, outboard engine. 
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Fic. H-7. Location diagram, four-cycle engine. 
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Fic. H-9. Electrical wiring diagram of a manual-start, two-cycle, two-cylinder outboard engine. 
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Frc. H-10. Electrical wiring diagram of an electric-start, two-cycle, two-cylinder outboard engine. 
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Clearances, Torque Data, 
Specifications, and 
Lubrication Charts of 
Sample Engines 


This appendix provides sample charts of service part clearance, bolt/nut/screw 
torque values, engine specifications, and lubrication charts of a few typical small 
gasoline engines to illustrate the type of data provided by manufacturers. Remem- 
ber, use the engine manufacturer's data on the engine you are working on; the in- 
formation contained in the tables herein is for reference only. 

The following tables are contained in this appendix: 


Table Title Manufacturer 

1-1 С]еагапсе$ Clinton 

I-2 Torque Data Clinton 

1-3 Clearances, Lawn Mower Engine OMC, Lawn-Boy 
1-4 Torque Data, Lawn Mower Engine OMC, Lawn-Boy 
1-5 Specifications, Lawn Mower Engine ОМС, Lawn-Boy 
1-6 Clearances, 15hp Outboard Engine Evinrude 

1-7 Torque Data, Outboard Engines Evinrude 

1-8 Specifications, 15hp Outboard Engine Evinrude 

1-9 Lubrication Chart, 15hp Outboard Engine Evinrude 


ке — € ——————————————————————— 
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APP. І / Clearances, Torque Data, Specifications and Lubrication Charts 


NOTE 


To avoid distortion of a part when tightening two or more 
screws, first tighten all screws together to one-third of the 
specified torque, then to two-thirds of the specified torque, 
then torque down completely. Recheck the torque on 
cylinder head screws and spark plugs after the motor has 
been run, has reached operating temperature, and has 
cooled comfortably to the touch. 


Torque standard screws as follows: 


Size Inch-Pounds Foot-Pounds 
No. 6 7-10 
No. 8 15-22 
No. 10 25-35 2-3 
No. 12 35—40 3-4 
ц” 60—80 5-7 
5-16” 120-140 10515 
38" 220-240 18-20 
Table 1-1 
CLEARANCES 
Valve or Tappet Guide Bore Min. 0.2495 р Я Min 12.3745| 
Max (0.2510 Cylinder Bore Dia. Max 12.3755, 
7 | Я =; a 
Valve Stem to Guide Clearance М КРЕ Piston Skirt Dia. us 23700 
—— 
Valve Clearance, Intake & Min. 0.009 Piston Skirt to Cylinder Min 10.0045. 
Exhaust Max 0.011 Clearance Max |0.0065) 
= i 
Camshaft to Axle Min | 0.001 Piston Ring to Min 0.002 
Clearance Max 0.003 Groove Clearance Max (0.005 
Camshaft Axle Clearance Min 0.001 Ring End Gap in Min 10.007 | 
PTO Max 0.003 Cylinder Max 0.017 
= Г 
Camshaft Axle Clearance Min. 0.001 Connecting Rod Bore Min. 0.B140 
Fiywheel End Max 0.003 Crankshaft End Max 0.8145 
POITUSEUI Min. 0.018 Connecting Rod to Min 10.0015 
pintoenny Max 0.021 Crankshaft Clearance Max 10.0030 
{ PES 
Spark Plug б Min. 0.025 Connecting Rod to Wrist Min 0.0004 
POE Ld Sp Max (0.028 Pin Clearance Max 0.0011 
Comp. at Cranking Speed, Р.5.1. Min 65 E Crankshaft R od Pin Min 0.8119 
Carburetor Float Setting Min. 5/32 Diameter Mar aeia 
(Clinton) Max 11/64 Crankpin Ойто Round Max 0.001 
— — {= + 
Carburetor Float Setting Min. 111/64 Crankshaft Main Diameter Min 0.8733 
(Carter) Max 13/64 P.T.O. End Max. 10.8740 
і Min. 0.007 Crankshaft Main Diameter Min. 0.8120. 
Magneto Air Gap Max 0.017 | Flywheel End Max 0.8127 
Magneto Edge Gap (Phelon) Min 5/32 Crankshaft to Main Min. 0.0018 
Max 9/32 Bearing Clearance Max 0.0035 
F = : -—- 
Magneto Edge Gap (Clinton) Min: 7/64 Crankshaft End Min. 10.008 
Max | 1/4 Р!ау Мах 0.018 
. —L- 
Oil Recommended SB Block or Bearing Plate Main Min 0.8758 
А.Р.1. Rating SD Bearing Bore P.T.O. End Max 0.8768 
Fuel Recommended Reg. Bearing Plate or Block Min 0.8145 
Gas Bearing Bore (Flywheel) End Max 0.8155 


NOTES 


1. All clearances in inches. 
2. P.T.O. means power take off. 


3. Comp. is compression. 


4. АРІ is American Petroleum 
Institute. 
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Table I-2 
TORQUE DATA 


о © 
Ез Е 
= 5 К © 
БЕ | 8 
AL 
$9 E 
ga [О 
5 
= Ф 
ү «> 
Connecting Rod Min. 
Aluminum Max. 
Connecting Rod Min. 
Forged Steel Max. 
Bearing Plate Min. 
P.T.O. End Max. 
Bearing Plate Min. 
Flywheel End Max. 
Back Plate to Min. 
Block Max. 
Head Bolts Min. 
Max. 
Base Bolts Min. 
Max. 
End Cover or Min. 
Gear Box Max. 
Speed Reducer Min. 110 
Mounting Max. 150 | 
P.T.O. Housing or Min. 75 
Mounting Flange Max. 85 
Carb. Reed Plate — Min. 60 50 | 50 
or Manifold to ВІК. Max. 65 60 60 
Carb. to Reed Plate Min. 35 50 50 
or Manifold Max. 50 60 60 
Blower Housing Min. | 60 80 75 
Мах. 70 90 85 
Muffler to Block Min. 110 60 
Max. 120 70 
Flywheel Min. 375 250 | 250 
Max. 400 300 | 300 
Flywheel Touch & Min. 650 a 
Stop for Brake | Max. 700 
Spark Plug | Min. | 275 230 | 230 
Max. | 300 270 | 270 
Stator Plate Min | 50 | 50 | 45 
Max. 60 60 65 


NOTES 


1. 


AII torque values in 
inch = pounds. 


P.T.O. is power take 
off. 


Carb. is carburetor. 
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Table 13 
CLEARANCES, LAWN MOWER ENGINE 


CRANKSHAFT 
Top Journal 
Crank Pin 


Bottom Journal 


CONNECTING ROD 
Wrist Pin Hole 
Crank Pin Hole 


WRIST PIN 
Diameter 


PISTON 
Diameter 
Wrist Pin Hole 


PISTON RINGS 
Diameter 
End Gap (In Cyl.) 
Thickness 


CYLINDER 
Inside Diameter 
Sub-Base Bushing 


SUB-BASE HOUSING 
Sub-Base Bushing 


CRANKCASE 
Top Bearing 
Bottom Bearing 


ARMATURE PLATE 
Bearing 


0.6692 - 0.6689 
0.6865 - 0.6860 


0.6692 - 0.6689 


0.3659 - 0.3654 
0.6880 - 0.6875 


0.3650 - 0.3642 


1.7470 - 1.7465 
0.3655 - 0.3650 


1.740 * 0.000 
0.020 + 0.005 
0.0935 - 0.0930 


XE SIE Z5] 
0.683 - 0.680 


0.683 - 0.680 


0.8770 - 0.8762 
0.8805 - 0.8780 


0.8770 - 0.8762 


NOTES 


1.  Clearances are in inches. 
2. Cyl. is cylinder. 
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TORQUE DATA, LAWN MOWER ENGINE 


Table 1-4 


Г = - 
| ASSEMBLY | RECHECK 
| DESCRIPTION TYPE SIZE TORQUE | TORQUE 
INCH POUNDS INCH POUNDS 
NUT, Flywheel 3 7/16-20 335/400 320 
NUT, Flywheel 3 7/16-20 190/225 180 
SCREW, Shroud to armature plate 5,7 1/4-20 60/75 
SPARK PLUG 8,7 14MM 150/180 144 
SCREW, Flywheel ring 6,7 10-24 20/25 20 
TANK TO SHROUD 5 1/4-20 63/75 60 
SCREW, Armature plate to crankcase 5,7,8 1/4-20 63/75 60 
SCREW, Dust cover 5,7 10-24 20/25 20 
BOLT, Shoulder, variable speed lever 6,7 10-24 20/25 20 
SCREW, Lamination mounting 5,7 10-24 20/25 20 
SCREW, Starter attachment 5,7 1/4-20 58/63 50 
SCREW, Condenser mounting 5,7 10-24 20/25 20 
SCREW, Condenser mounting 5,7 10-24 20/25 20 
SCREW, Breaker base 5,7 10-24 20/25 20 
SCREW, Shut off switch 6 | 8-18 6/8 6 
SCREW, Starter pully 6,7 8-32 16/19 15 
NUT, Condenser 3 8-32 | 10/13 10 
SCREW, Cylinder to crankcase 5,7,8 5/16-18 | 105/115 90 
SCREW, Reed plate to carburetor 48 1/4-28 | 63/75 60 
| NUT, Reed plate to carburetor 18 1/4-28 | —— 
| SCREW, Reed plate to crankcase 5,7,8 1/4-20 | 63/75 60 
| SCREW, Filter cup to carburetor 5,7,8 8-32 | 16/19 15 
SCREW, Throttle shaft disc 6 2-56 5/7 5 
SCREW, Choke and throttle disc 6 #2 3/5 | 
NOZZLE ЭХ #72 16/19 15 
BRASS 
NOZZLE 5,7 #72 16/19 15 
| BRASS | 
SCREW, Float chamber 5,7,8 8-32 12/15 10 
SCREW, Start cap to base 5,7 10-24 20/25 20 
SCREW, Starter to shroud 4 1/4-20 63/75 60 
NUT, Starter to shroud 1 1/4-20 |  ——— 
SCREW, Connecting rod 5,7 12-24 58/70 HE 
SCREW, Tank strap 6 #10 | 15/30 
SCREW, Pully to cap 5 1/4-20 63/70 60 
SCREW, Governor lever 6,7 6-32 10/13 10 
SCREW, Filter 5 10-24 10/15 
SCREW, Air filter 5 8-32 16/19 15 
SCREW, Filter cup 5 10-24 10/15 
SCREW, Chamber intake to carburetor 5 8-32 16/19 15 
SCREW, Reed to reed plate 6-32 10/13 10 
SCREW, Scraper bracket 4 1/4-20 63/75 60 
NUT, Scraper bracket to shroud 1 1/4=20 — | В 
SCREW, Shroud mounting 5 10-24 25/30 
NUT, Shroud mounting, tinnerman MUNN = o oo qp ж-з 
4 "UP" TAPE 
NUT, Acorn | 39 10-24 10/15 10 
SCREW, Tank bracket | 6 #10 15/30 
| SCREW, Baffle Left hand 5 10-24 25/35 
SCREW, Baffle Right hand 5 1/4-20 55/80 
SEAT, Float valve 5 5/16-24 19/23 18 
SCREW, cable clamp 5 10-24 20/25 20 
SCREW, Shut off switch 6 8-18 6/8 6 
VALVE, Fuel shut off, 1/8-27-NPT | 
NUT, Flywheel, zinc flywheel b B 7/16-20 190/225 180 


| TYPE: 


1. NUT, Nylok 

2. NUT, Conelok 

3. NUT, Standard 

4. SCREW, for nylok nut 


5. SCREW, Standard machine 
6. SCREW, Thread cutting 

7. THREAD, Die cast 

8. JOINT, Gasketed 


1. NPT is American Standard Taper Pipe Tap. 
2. Tinn. is tinnerman. 
3. MM ismillimeter. 
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APP. I / Clearances, Torque Data, Specifications and Lubrication Charts 


Table 1-5 


SPECIFICATIONS, LAWN MOWER ENGINE 


Piston Diameter 
Breaker Point 


1.7470-1.7465 


1.9360- 1.9355 


2.1205-2.1200 


Horsepower 2:5 SUEIRPS) 3-1/2 
Bore 1-3/4 in. 1-15/18 in. 2-1/8 in. 2-3/8 in. 
Stroke 1-1/2 in. 1-1/2 in. 1- 1/2 in. 1-1/2 in. 
Displacement 3.603 cu. in. 4.43 cu. in. 5:22: СШ im. | 6.65 cu. in. 


2.3720-2.3715 


Setting 0.020 0.020 0.020 0.020 
Coil Air Gap 0.010 0.010 0.010 0.016 
Capacitor 0:010 
Discharge 0.010 
Air Gap 
Champion J-14-J Champion CJ- 14 
Spark Plug Champion J-11-J | Champion J-14-J Autolite A11X or [e equivalent. 
Gap-0.025 Gap-0.025 equivalent. Gap-0.025 | (D-400 Series-0.025 
D-600 Series-0.035 
Governed Speed 3300 R.P.M. 3200 R.P.M. 3200 R.P.M. 3200 R.P.M. 
Fuel Mixture 1/2 pint S.A.E. 1/2 pint S.A.E. 1/2 pint S.A.E. 12 рө. ALE, 
40 service SB | 40 service SB 40 service SB 40 service SB 


NOTES 


1. SAE is Society of Automotive Engineers. 


2. Specifications in inches unless otherwise 
indicated, 


Table 16 


CLEARANCES, 15 HP OUTBOARD ENGINE 


| power HEAD LOWER UNIT 


.015 Max. - .005 Min. .0087 Max. - .0002 Min. 


Propeller shaft 
in front gear 


bushing 


Piston ring gap 
Piston ring groove .0035 Max. - .0025 Min. 
clearance, lower 


Piston pin to .0005 Max. - .0000 Min. 


piston -loose end 


Cylinder and .0053 Max. - .0040 Min. 


piston 


Crankshaft end 
play 


Controlled by lower journal 
bearing 


NOTE Clearances in inches. 
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300) 


Model Numbers 15404 
15405 
15454 - Standard length (15" transom) 
| 15455 - 5" longer (20"' transom) 


Table I-8 
SPECIFICATIONS, 15 HP OUTBOARD ENGINE 


- 5" longer (20" transom) 


Horsepower (B.I.A. certified 15 hp at 6000 rpm 
Full throttle operating range 5500 to 6500 rpm 


Engine type 2 cyl., 2 cycle, alternate firing 
Bore and stroke 2.188" bore x 1.760" stroke 
Piston displacement 13.20 cubic inches 


Piston ring sets (2 per set) 


standard 
.030" oversize 


Diameter of ring 


Width of ring 


Lbs. compression 
recommended 
when compressed 


Piston less rings 
standard 
-030" oversize 


Crankshaft size 
Top journal 
Center journal 
Bottom journal 


Connecting rod 
crank pin 


Carburetion 


High speed orifice 
plug 


Float level setting 


Inlet needle seat 


Cooling system 


Propeller gear 
ratio 


Propeller supplied 
with motor 


Propeller 
options 


Speed control 


nats 


*Horsepower established at sea level. 


2.1875 in. (standard) 


Upper - .0700 - .0695 in. 
Lower - .0615 - .0625 in. 


Upper - .25 - 2.0 lbs. 
Lower - 2.5 - 5.0 lbs. 


.8125 - .8120 
.8125 - .8120 
.8125 - .8120 


1.06350 - 1.06300 in. 


Single barrel, float feed, fixed 
high speed adjustable low- 
Speed, manual choke 


Identification Number 60 
Check with #.060" dia. drill 


Flush with rim of casting 


.065 - .062 
Use #52 drill as gage 


Centri-matic (combination 
positive displacement and 
centrifugal pump) 

Thermostatically controlled 


12:29 
3 blade, 9-1/2" dia. x 10" pitch 


3 blade, 9-3/4" dia. x 7” pitch 
2 blade weedless 10" dia. x 10" 
pitch 


On steering handle 
Remote control available 


- Standard length (15" transom) 


Gear shift control Forward, neutral and reverse 


Model 15404 - 65 lbs. 

Model 15405 - 66 lbs. 

Model 15454 - 73 lbs. 

Model 15455 - 74 lbs. 
(Fuel tank weight 11 pounds | 
net) 


Weight (without 
fuel tank) 


Fuel capacity 6 gallons 


Electrical system 5 amp flywheel alternator 
(Electric start 
models only) 


Manual - Self-winding 
Electric - 12 volt, and rope 


Starter 


Starter amperage 


draw while 

cranking 55 AMPS Max. 
Ignition Low tension magneto 
Spark plug Champion UL4J, 14mm 


Spark plug gap .030 inch 


Spark plug torque 17-1/2 - 20-1/2 foot-pounds 


Breaker point Gap .020 inch 
Condenser 


Capacity .29 - 29 Ма. 


COIL TEST SPECIFICATIONS 


With Stevens Tester Model No. M.A.-75 or M.A.-80 
with M.A.-14 Adapter in Series with High Tension Lead 


E 


Switch 


Index Adjustment 


B | 25 


Мегс-О-Тгопіс 


Operating | Primary Resistance | Secondary Continuity 
Amperage Min. Max. Min. Max. 


Grahani Tester Model 


Minimum 
Coil Test 


Maximum 
Primary 


Maximum 
Secondary 


14.0 ohms 


20,000 ohms 45 


COIL OHMMETER TEST 


Primary (Low Ohms) Secondary (High Ohms) 


13,500 + 1500 


Allow 2% reduction per 1000' above sea level. 


Table I-9 
LUBRICATION CHART, 15 HP OUTBOARD ENGINE 


FREQUENCY (PERIOD OF OPERATION) 
ae ж 
1, Tilt Reverse Lock Lever | OMC Sea- Lube* : 


Shaft, Clamp Serew Anti-Corrosion 
"Threads, and Throttle Lube 
Shaft Gears 


227, omc 
LUBRIPLATE 777 SEA-LUBE* 
GEARCASE 
2. Idle Speed Adjustment, LUBE 
Magneto Linkage, and T 
Manual Starter Drag A 
Spring OIL 
OMC CAN GREASE 
3. Shift Lever Detent Cam, SEA-LUBE* SAE 90 GUN OMC 30 days 
Carburetor Linkage and ANTI- SEA-LUBE* 
Choke CORROSION ANTI- 


LUBE CORROSION LUBE 


OMC Sea-Lube* 
Gearcase Lube 

Capacity 
13.9 ozs. 


4. Gearcase Check level after first 10 hours of operation 
and every 50 hours of operation there- 
after. Add lubricant if necessary. 

Drain and refill every 100 hours of opera- 
tion or once each season, whichever 


occurs first. 


Same as Fresh 
Water 


Same as Fresh 
Water 


9. Electric Starter Pinion 
Shaft Helix 


Lubriplate 777 


60 days 30 days 


OMC Sea-Lube* 
Anti-Corrosion 
Lube 


6. Swivel Bracket and 
Motor Cover Latch Lever 
Shaft 


60 days 30 days 


#Some areas may require more frequent lubrication. 
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Glossary 


Additives—a substance added to oil in relatively small quantities to improve de- 
sirable properties and suppress undesirable properties. 

Air Cleaner Cfilter)—a device to trap dust and other foreign material from the air 
before the air is drawn into the carburetor. 

Air Horn—passageway for air. 

Alternating Current—Aan electric current that reverses its direction at regularly re- 
curring intervals CAC). 

Alternator—a generator that produces alternating current electricity. 

Ammeter—a device for measuring electric current in a circuit. 

Ampere—the electric current produced by one volt applied across a resistance of 
one ohm. 

Apex—the uppermost point. 


Armature—a piece of soft iron or steel that connects the poles of a magnet or of 
adjacent magnets; a part which consists essentially of coils of wires around a 
metal core and in which electric current is induced in a generator or in which 
the input current interacts with a magnetic field to produce torque in a motor. 


Atmospheric Pressure—the pressure due to the weight of the air above the earth. 
The pressure at sea level is 14.7 pounds per square inch, 
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Glossary 


Atom—the smallest particle of an element that can exist cither alone or in com- 
bination. 

Atomize—to reduce to a fine spray. | 

Bail—a supporting half loop of metal Cas used to hold a glass bowl onto a fuel 
filter mount). 

Battery—a number of primary or storage cells grouped together as a single source 

of direct current electricity. A cell is a single element of a battery. 

Bearing—a support for a revolving shaft or axle which must be rigid and self- 
aligning and be designed to take up most of the wear and be replaceable. 

Block (engine)—the cylinder casting of a gas engine. It includes the cylinder 
bores and provision for cooling (cooling fins for air-cooling or water jackets for 
water-cooling). 

Blow-By Gases—gases of combustion that pass by the piston and piston rings into 
the crankcase. 

Bottom Dead Center (BDC)—the extreme bottom position of the piston in the 
cylinder. 

Breaker Points—a set of electrical contacts, one movable and one stationary, used 
to break the current flow in the primary of the ignition coil. 

Bushing—a special type of bearing called a sleeve bearing. It may be solid or 
split. 

Cam—a device mounted on a revolving shaft used for transposing rotary motion 
into an alternating reciprocating motion. 

Camshaft—a shaft of a four-cycle engine to which cams are fastened (as to open 
the intake and exhaust valves). 

Carbon—a nonmetallic element found in all organic substances. Carbon is the 
solid element of combustion. 

Carbon Monoxide—a colorless odorless very toxic gas; CO. It is formed as a prod- 
uct of the incomplete combustion of carbon and is poisonous. 

Carburetion—the mixing of air and liquid fuel in the proper proportion to form 
a combustible mixture for burning in an engine. 

Carburetor—a device for converting liquid fuel into vapor and mixing it with air 
in such proportions as to form the most efficient combustible mixture. 

Carburetor Bowl —the reservoir part of the carburetor which holds gasoline or 
fuel. 

Carburetor Float—usually an airtight metal container which floats on the surface 
of the fuel in the bowl of the carburetor and controls the flow of gasoline from 
the main fuel line. 

Catalyst—a substance that initiates a chemical reaction and enables it to proceed 
under milder conditions than otherwise possible. 

Centrifugal Force—the force that tends to impel a thing or parts of a thing out- 
ward from a center of rotation. 


Choke—blocks off the incoming air so that the mixture is rich to enable the 
starting of a cold engine. 


Glossary 


Coil—a number of turns of wire in spiral form for developing an electromagnetic 
effect. 


Commutator—a device for reversing the direction of electric current in any cir- 
cuit. 
Compound—composed of the chemical units of two or more elements, 


Compression Ratio—the ratio of the space remaining in the cylinder at top dead 
center of the piston stroke to the space in the cylinder when the piston is at 
bottom dead center. 


Compression Ring—a piston ring used to reduce compression and combustion 
pressure losses. 


Compression Stroke—the stroke of an engine when the fuel is compressed in the 
combustion chamber or recess to make it more volatile. 


Condenser—a capacitor; a device consisting of conducting plates or foils separated 
by thin layers of dielectric (as air or mica) with the plates on opposite sides 
of the dielectric layers oppositely charged by a source of voltage and the elec- 
trical energy of the charged system stored in the polarized dielectric. 


Connecting Rod—a rod with bearings at both ends. Connects the piston to the 
crank of the crankshaft. 

Continuity—uninterrupted connection; no electrical resistance between two points 
of an electric circuit. 

Crank—a lever that rotates about the axis of the crankshaft. It connects with the 
connecting rod. 

Crankcase—the housing of the crankshaft, main bearings, connecting rod, breather, 
and of the camshaft and cam gears in four-cycle engines. 

Crankcase Breather—a device to rid the crankcase of blow-by gases. 

Crankshaft—the main shaft of an engine to which the connecting rod is attached 
via the crank. 

Crude Oil—petroleum in its natural state as it comes from the earth. 

Cycle—a course or series of events or operations that recur regularly and usually 
lead back to the starting point; a complete series of intake, compression, power, 
and exhaust. 

Cylinder—a circular body of uniform diameter, the extremities of which are equal 
parallel circles. 

Cylinder Block—the main body of the engine which is bored to receive the piston. 
The cylinder block and crankcase are frequently cast as one piece. 

Cylinder Bore—the internal diameter of an engine cylinder. 

Cylinder Head—xefers to the cylinder cover of an engine. 

Detergent—a cleansing agent. 

Detonation—rapid combustion in an internal-combustion engine that results in 
knocking. 

Diaphragm—a sheet of metal or other material that is sufficiently flexible to permit 
vibration. 
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Glossary 


Diode—a rectifier that consists of a semiconducting crystal with two terminals; 
the resistance to clectron flow in one direction is high, in the other direction 
is low. | 

Direct Current—an electric current flowing in one direction only and substantially 
constant in value (DC). 

Eccentric—deviating from a circular path; located elsewhere than at the geo- 
metrical center. 

Electrode—a conductor of electricity. 

Electrolyte—a nonmetallic electric conductor in which current is carried by the 
movement of ions. The electrolyte in a storage battery is a solution of sulfuric 
acid and water. 


Electromotive Force—something that moves or tends to move electricity; measured 
in volts. 


Electron—a very small negatively charged particle of an atom. Electrons orbit 
around the nucleus of the atom. 


Element—that form of matter that cannot be further broken down. 

Emission—a putting into circulation; something sent forth by emitting. 

Epitrochoid—the internal shape of the housing of a rotary engine. The shape 
resembles a fat figure eight. 

Equilateral Triangle—a triangle having three equal sides and three equal en- 
closed angles. 

Exhaust Stroke—the stroke that expels the burned gases of combustion from the 
combustion chamber or recess. 


Exponent—a symbol written above and to the right of a mathematical expression 
to indicate the operation of raising to a power. 

Farad—the unit of capacitance equal to the capacitance of a capacitor between 
whose plates there appears a potential of onc volt when it is charged bv one 
coulomb of electricity. 


Float Valve—a valve that floats on top of the fuel in the fuel bowl and shuts off 
the supply of fuel as the level rises. 


Flyweight—a light weight device that moves away from a center support because 
of a centrifugal force applied. 


Flywheel—a heavy wheel used where reciprocal motion is converted into rotary 
motion to maintain uniformity of motion. 


Foul—clog. 
Friction—resistance to relative motion between two bodies in contact. 


Fuel—a material used to produce heat or power by burning. Gasoline for four- 


cycle engines and a mixture of gasoline and oil for two-cycle and rotary en- 
gines. 


Fuel Filter (strainer)—a device to remove dirt and other forcign matter from the 
fuel before the fuel enters the carburctor. 
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Glossary 


Fuel Pump—a device operated by a piston or diaphragm to create a vacuum which 
insures a supply of fuel to the carburetor, 

Gasket—paper, metal, rubber, or other material used between two joints, as be- 
tween the cylinder and cylinder head, to prevent leaking of a gas or liquid. 
Generator—a machine that transforms mechanical energy into electrical energy. 
Governor—a device to keep the engine operating at a constant speed with change 
in load and to prevent the engine from running at a speed above a predeter- 

mined speed. 

Horsepower—the standard unit by which power is measured; it is equal to 33,000 
pounds lifted one foot in one minute or to 550 pounds lifted one foot in one 
second. 

Hydrocarbon—a compound that contains hydrogen and carbon. Often occurs in 
petroleum, natural gas, coal, and bitumens. 

Hydrogen—a nonmetallic element that is the simplest and lightest of the elements. 
It is normally a colorless, odorless, highly flammable gas. 

Ignition—the lighting of the fuel in a gas engine by a spark across the electrodes 
of a spark plug. 

Induced Voltage—a voltage set up by a varying magnetic field linked with a 
wire, coil, or circuit. 

Intake Stroke—the stroke of an engine when the fuel enters the combustion cham- 
ber or recess. 

Journal—rotating machine part (as part of the crankshaft) supported in a bearing. 
Journals are cylinders that are true machined to resist deformation and to 
prevent excessive pressure in the bearings. 

Lap—to work two surfaces together with or without abrasives until a very close 
fit is produced. 

Lead—a heavy, soft, malleable, ductile, plastic, but inelastic bluish white metallic 
element found mostly in combination. It is used in batteries. 

Lean Fuel Mixture—a lower than normal ratio of fuel to air. 

Linkage—a system of links or bars which are joined together. 

Liter—a metric system unit of capacity equal to the volume of one kilogram of 
water at 4° centigrade. One liter equals 1.057 liquid quarts. 

Magnetism—a class of physical phenomena that includes the attraction for iron 
observed in lodestone and a magnet, is believed to be inseparably associated 
with moving electricity, is exhibited by both magnets and electric currents, and 
is characterized by fields of force. 

Magneto Generator—an alternator that makes use of magnets in the flywheel to 
generate alternating current electricity. 

Meter—the basic metric system unit of linear measure. One meter equals 39.37 
inches. 

Microfarad—one millionth of a farad. See farad. 
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Glossary 


Molecule—a combination of atoms. A molecule is the smallest unit of any com- 
pound. 

Motor-Generator—combines the functions of both a starting motor and a generator 
into one unit. Converts electrical energy to mechanical energy to start an engine 
and then converts mechanical energy to electrical energy to recharge the battery. 


Muffler—a mechanical device consisting of a hollow cylinder attached to the 
exhaust. The noise of the exhaust gases passing through it is partially dead- 
ened Сти еа). 

Needle Valve—a small valve in which the flow of fuel is regulated by the ad- 
justment of a ncedle point which sets in a cone-shaped depression having a 
small hole at the bottom. 


Neutron—an uncharged elementary particle that has a mass nearly equal to that 
of the proton and is present in all known atomic nuclei except the hydrogen 
nucleus. 


Octane Rating—a measure of the antiknock qualities of gasoline. 


Ohm—the unit of electrical resistance. It is equal to the amount of opposition 
offered by a conductor to the flow of one ampere of current when a pressure 
of one volt is applied across its terminals. 


Ohmmeter—a device for measuring resistance. 
Oil—a greasy liquid of animal, vegetable, or mineral origin; used as a lubricant. 


Oil Control Ring—a type of piston ring designed to scrape oil from the cylinder 
wall. The oil drains to the crankcase. 


Oxide—a binary compound of oxygen with an element. 


Piston—the plunger which moves with a reciprocating motion within the cylinder 
of the engine. 


Piston Pin—a hollow steel shaft, hardened and ground, which connects the upper 
end of the connecting rod to the piston. Also known as the "wrist" pin. 


Piston Ring—a spring packing ring for a piston. See compression ring and oil 
control ring. 
Pneumatic—moved or worked by air pressure. 


Potential Energy—the energy that a piece of matter has because of its position 
or because of the arrangement of parts. 


Power—the amount of work done per unit of time. 


Power Stroke—the stroke of an engine that includes ignition and the resulting 
driving force of combustion against the piston or rotor. 


Preignition—ignition in an internalcombustion engine before compression is 
completed. 


Prime—to prepare for combustion by supplying with a small amount of fuel. 
Proton—a particle in the nucleus of an atom having a positive electrical charge. 


Reach (of a spark plug)—the linear distance from the shell gasket to the end 
of the threaded portion of the shell. 
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Reactor—an apparatus in which a chain reaction of fissionable material is initiated 
and controlled. 


Reciprocating—a forward and backward or upward and downward movement (as 
the piston in the cylinder). 


Rectifier—a device that changes alternating current into direct current. A diode 
is such a device. 


Reed Valve (leaf valve)—a thin flexible valve located between the carburetor and 


the crankcase of two-cycle engines to admit the fuel from the carburetor into 
the crankcase. 


Regulator—a device used to keep the DC output voltage and current of a generator 
at a constant level. 

Resistor—a device that impedes the flow of electrons through an electrical circuit. 

Rich Fuel Mixture—a greater ratio of fuel to air than normal. 

Rotor—the rotating member in a rotary engine. 


Scavenging—removing (cleaning) burned gases from the cylinder after a working 
stroke. 


Shroud—a cover placed over a bladed, or vaned, flywheel to direct the flow of 
air over the cylinder and cylinder head for cooling. 


Sludge—sediment in the bottom of the crankcase. 


Solenoid—a coil of wire commonly in the form of a long cylinder that when 
carrying a current resembles a bar magnet so that a movable core is drawn 
into the coil when a current flows. 

Solid-State—a system using semiconductors such as diodes, transistors, or silicon 
controlled rectifiers. 

Solvent—a liquid used to dissolve a substance. In engine work mineral spirits, 
kerosene, diesel fuel, turpentine, or alcohol can be used to dissolve and remove 
oil and grease. 


Spark Plug—a part that fits into the cylinder head of an internal-combustion en- 
gine and carries two electrodes separated by an air gap across which the current 
from the ignition system discharges to form the spark for combustion. 

Specific Gravity—the density or weight of a substance; estimated relative to water. 

Starter-Motor—a device to start an engine. Also called motor, starter, motor-starter, 
or motor-generator. 

Stratified—arranged in layers. 

Stroke—the movement of the piston from top dead center (TDC) to bottom dead 
center (BDC) or from BDC to TDC. 

Stud—any of various infixed pieces (as a rod or pin) projecting from a machine 
and serving chiefly as a support ог axis Cas the stud in a spark plug). 

Throttle—controls engine speed by controlling the flow of air-fuel mixture through 
the air horn. 

Top Dead Center (TDC)—the extreme top position of the piston in the cylinder. 
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Torque—a force that produces or tends to produce rotation or torsion. 


Transistor—an clectronic device consisting of semiconductor materials with at 
least three electrodes; performs electronic switching and amplification functions. 


Turbine—a rotary engine actuated by the reaction or impulse or both of a current 
of fluid Cas water or steam) subject to pressure and usually made with a series 
of curved vanes on a central rotating spindle. 

Vacuum—a space partially evacuated; a degree of minimum pressure below atmo- 
spheric pressure. 


Valve—a device for regulating the flow of intake or exhaust gas to and from 
the engine cylinder. 


Valve Port—opening into or from the combustion chamber which provides a 
channel for the passage of gases and a seal for the head of the valve. 


Valve Seat—that part of the cylinder machined to receive the valve and to pro- 
vide a seal against lcakage of gases. 


Valve Spring—a compression spring used to keep valves in a closed position. 
Valve Stem—the shank of a valve. The stem slides in the valve guide. 


Vapor—a substance in the gaseous state as distinguished from the liquid or solid 
state. 


Vent Cap—the fucl tank cover. It has a tiny hole in it to vent the tank to at- 
mospheric pressure. 


Venturi—narrow passage that causes a low pressure at the area in the air passage 
just beyond the narrow passage. 


Viscosity—the tendency of an oil Cor other substance) to resist flowing. 


Volatile—readily vaporizable at a relatively low temperature; tending to erupt into 
violence; explosive. 


Volt—the electromotive force that will produce a current of one ampere through 
a resistance of one ohm. 


Voltmeter—a device for measuring electrical voltage, or electromotive force. 


Volumetric Efficiency—ability of the combustion chamber to receive a full charge 
of air-fuel mixture during thc intake stroke. 


Vortex—a mass of liquid with a whirling or circular motion that tends to form 
a cavity or vacuum in the center of a circle and to draw toward this cavity 
or vacuum bodies subject to its action. 


Work—the moving of an object by force over a distance. 


Wrist Pin—sec piston pin. 


Index 


Access cover, valve, 26 Block, cylinder, 24, 59 
AC charger, 169 Block, short engine, 49 
AC generator, 170, 185 Blow-by gases, 26 

AC to DC converter, 169 Bolts, cylinder head, 25 
Additives, 226 Bore, cylinder, 24 

Air cleaner, 26, 87, 208 Bottom dead center, 22 
Air passage, 190 Brake horsepower, 261 
Air vane governor, 200 Breaker points, 117, 148 
Alternator, 171 Breather, crankcase, 26, 94 
Ammeter, 127 Bridge rectifier, 185 
Ampere, 112 Bushings, 42 


Ampere-hours, 122 
Analyzer, ignition, 140, 151, 152 


Арех, 270 Cam gears, 26 

Armature, 116, 182 Cams, 26 

Atomic number, 110 Camshaft, 21, 41, 62 

Atoms, 109 Capacitive discharge ignition system, 132 


Capacitor, 140 
Cap, radiator, 45 


Battery, 122 Carbon monoxide, 15 
charging, 106 Carburation system, 20 
cleaning, 105 Carburetor, 28, 190 
electrolyte level, 104 adjustments, 210 
specific gravity, 106 diaphragm type, 195 
testing, 107, 295 float valve maintenance, 22] 

Battery-ignition system, 136 maintenance, 213 

Bearings, 42, 72 touch-and-start primer, 197 


Belt tensions, 99 vapor return line, 198 
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Cole 
Centrifugal force governor, 20] 
Chamber, combustion, 14, 25 
Charger, AC, 169 
Choke, 193 
Classifications, of engines, 1 
Cleaning the engine, 84 
Clearances, typical, 315 
Coil 115. 152 
Combustion, See external and internal 
combustion. 
Combustion chamber, 14, 25 
Commutator, 125 
Components, electrical, 114 
Compound, 109 
Compound vortex controlled combus- 
tion, 274 
Compression, 14, 18, 21, 242 
Compression check, 103 
Compression ratio, 32 
Condenser, 114, 151 
Conductor, 111 
Connecting rod, 37, 50 
Continuity, 127 
Continuity flashlight jig, 284 
Converter, AC to DC, 169 
Cooling system, 14, 44, 74 
Coulomb, 112 
Crank, 38, 71 
Crankcase, 26 
Crankcase breather, 26, 94 
Crankshaft, 38, 71 
Current Celectric), 111 
Current regulator, 174 
Cutout relay, 174 
Cycle of operation, 3, 14, 17 
dicscl, 3 
four-stroke cycle, 20 
Otto, 3 
rotary (Wankel), 271 
two-stroke cycle, 18 
Cylinder block, 24, 59 
Cylinder bore, 24 
Cylinder head, 25, 50, 85 
Cylinder head bolts, 25 
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DC generator, 171, 186 

Decimal cquivalents of millimeters, 290 
Detonation, 227 

Diaphragm carburetor, 195 

Diaphragm pump, 195, 222 

Diesel, 3 

Diode, 125 

Displacement, piston, 31 

Dynamo, See generator, 169 


Efficiency, volumetric, 262 
Electrical components, 114 
Electrical system, 176 
Electricity, 111 
Electrolyte, 104, 122 
Element, 109 
Energy, 15 227 
Engines, 17 
classifications, 1 
cycles, See cycle of operation. 
external combustion, 1, 3 
internal combustion, 1, 3, 17 
major parts, 12 
operating procedures, 78 
rcturning to service after storage, 80 
salt water opcration, 80 
shutoff procedures, 79 
starting procedurcs, 76 
storagc procedures, 80 
uscs, 1, 4 
Engine tcsts, basic, 240 
English system of weights and measures, 
29] 
English to metric conversions, 263, 287 
Exhaust Caction), 14, 18, 21 
Exhaust ports, cleaning, 85 
Exhaust valve, 21 
External combustion, 1 


Farad, 115 

Filters, 90, 207 

Flashlight, continuity jig, 284 
Float bowl, 193 
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Float valve, 221 
Flywheel, 40, 145 
magnets, 154 
puller, 146 
removal/replacement, 145 
vanes, 85 
Foot-pounds to inch-pounds, 263 
Four-stroke cycle, 20 
Frictional horsepower, 261 
Fuel filters (strainers), 90, 207 
Fuel shutoff valve, 205 
Fuel supply, tests, 242 
Fuel system, 14, 189 
adjustments, 209 
air cleaners Chlters), 208 
carburetors, 190, 210 
filters (strainers), 207 
gasoline, 225 
governors, 200, 213 
maintenance, 213 
tanks, 204, 224 
tests, 242 
Fuel tanks, 204, 224 
Fuel tank vent caps, 93 


Gases, blow-by, 26 

Gasoline, 15, 225 

Gas turbine, 274 

Gears, timing, 21 

Generator, 169, 185 

Glossary, 325 

Governors, 200 
adjustments, 213 
maintenance, 224 
mechanical, or centrifugal force, 201 
pneumatic Cair vane), 200 

Guides, valve, 69 


Hand tools, 275 

Helicoils, 61 

High tension lead (spark plug), 118 
Horsepower, 259 

Hydrocarbon, 225 
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Ignition, 20 
Ignition analyzer, 140, 151, 152 
Ignition coil, 152 
Ignition system, 14, 128 
battery, 136 
breaker points, 148 
capacitive discharge, 132 
condenser, 114, 151 
flywheel magnets, 154 
flywheel (removal/replacement), 145 
ignition coil, 152 
magneto, 129 
maintenance, 139 
multicylinder engines, 139 
solid-state (capacitive discharge), 132 
spark plugs, 100, 119, 141, 241 
testing, 160, 240, 241 
timing advance mechanisms, 137, 155 
Illustrated parts of typical small gasoline 
engines, 297 
Inch-pounds to foot-pounds, 263 
Indicated horsepower, 261 
Induced voltage, 113 
Inductance, 116 
cle. 14. A 
Intake valve, 21 
Internal combustion, 1, 3, 17 


Journals, 42 


Lands, piston, 29 
Lapping, valves, 68 
Lifter Ctappets), valve, 69 
Lubricating oils, 229, 231, 233 
Lubricating system, 14, 229, 237 
Lubrication 
four-cycle engine, 94, 235, 237 
nonengine parts, 99 
two-cycle engines, 97, 224 
Lubrication chart, outboard engine, 323 


Magnetism, 113 
Magneto-generator, 172 


Magneto-ignition system, 129 


Magnets, flywhcel, 154 
Maintenance 
enginc, 49 
cngine tests, basic, 240 
fuel systems, 213 
ignition system, 139 
lubricating system, 237 
overhaul of engine, 255 
periodic, 82 
starting system, 177 
tune-ups, 82, 253 
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Molecules, 109 
Motors, See starter motor. 
Motor-gencrator, 173 


Muffler, 15, 42, 85 
Multicylinder engines, 139 


Neutrons, 110 
Nonconductor, 111 
Nuclcus, 110 


Octane rating, 226 

Ohm, 112 

Ohm's Law, 112 

Oil, 14, 229, 251,237 
changing, 94 
checking level, 94 

Oil pump, 21 

Oilscals 2673 

Oil slinger, 21 

Operating proccdurcs, 78 

Opcration, 12 

Otto, 3 

Ovcrhauls, 253 


Periodic maintenanec, 82 


Metric system of weights and measures, 


Metric to English conversions, 263, 286 


Motor-starter, See starter motor. 


Pin, piston Cwrist), 35, 53 
Piston 29199 
displaccment, 31 
lands, 29 
pin (wrist pin), 35, 53 
stroke, 31 
Piston pin, 35, 53 
Piston rings, 34, 53 
Piston stop, 146 
Plugs, See spark plugs. 
Pncumatic governor, 200 
Points, breaker, 117, 148 
Poppct valve, 28 
Ports, exhaust, cleaning, 85 
Port, transfer, 18 
Potential difference, 111 
Potential energy, 257 
Power, 258 
Power (action), 14, 18, 21 
Preignition, 44, 227 
Primary, 115 
Protons, 110 
Puller, flywheel, 146 
Pump, diaphragm, 195, 222 
Pump, oil, 21 


Radiator, 45 

Ratio, compression, 32 
Reciprocating motion, 12 
Reetiier, 125 

Reetificr, bridge, 185 
Reed valve, 26, 28, 73 
Regulator, 174, 186 
Relay, cutout, 174 
Resistor, 121 

Return line, vapor, 198 
Ring compressor, 58 
Rings, piston, 34, 53 
Rod, connceting, 37, 50 
Rotary engine, 269 
Rotary motion, 12, 18 
Rotary valve, 28 

Rotor, 270 
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SAE horsepower, 260 
Safety, 15 
Salt water operation, 80 
Scavenging, 32 
Seals, oil, 26, 73 
Seats, valve, 65 
Secondary, 115 
Short block engine, 49 
Shroud, cleaning, 85 
Shutoff procedures, 79 
Shutoff valve, 205 
Slinger, oil, 21 
Solenoid, 116 
Solid-state ignition system, 132 
Spark plugs 
checking, cleaning and regapping, 
100 
condition, basic test, 241 
description, 119 
high tension lead, 118 
indicator of engine trouble, 141 
test tool, 285 
Special tools, 277 
Specifications, 315 
Specific gravity, 106, 124 
Springs, valve, 65 
Starter motor, 165, 180 
Starters, See starting system. 
Starting procedures, 76 
Starting system, 14, 161, 177 
AC generators, 184 
alternator, 171 
DC generators, 171, 186 
generators, 169, 184 
magneto-generator, 172 
maintenance, 177 
manual starters, 161, 177 
crank, 161,177 
kick, 162, 177 
quick release spring, 164, 179 
rope, 162, 178 
motor-generator, 173 
regulators, 174, 186 
starter motor, 165, 180 
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Steam engine, 274 
Stirling engine, 274 
Stop, piston, 146 
Storage proccdures, 80 
Stroke 

four-stroke cycle, 3, 20 

piston, 31 

two-stroke cycle, 3, 18 
Stroke Cof the piston), 31 
Supporting systems, 14 


Tank, fuel, 204, 224 
Temperature indicator, 46 
Tension, belt, 99 
Tests, engine, 240 
Test spark plug, 285 
Thermostat, 45 
Throttle, 192 
Timing advance mechanisms, 137 
Timing gears, 21 
Timing, ignition, 155 
Tools 
hand, 275 
special, 277 
Top dead center, 22 
Torque, 258 
Torque data, 315 
Torque value conversions, 263 
Transfer port, 18 
Transistor, 125 
Troubleshooting, 244 
causes of engine failure, 252 
compression, basic test, 242 
engine fails to start or starts hard, 247 
engine missing under load or lack of 
power, 249 
engine noisy or knocks, 251 
engine surges or runs unevenly, 250 
engine vibrates excessively, 252 
fuel supply, basic test, 242 
ignition system, basic test, 240 
no ignition spark, 245 
spark plug condition, basic test, 241 
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Troubleshooting (Contd.) Valves CContd.) 
weak compression, 246 seats, 65 
weak ignition spark, 245 shutoff, 205 
Tune-ups, 82, 253 | springs, 65 
Turbine, gas, 274 timing, 22 
Two-cycle engine lubrication, 234 Vanes, flywheel, 85 
Two-stroke cycle, 18 Vapor lock, 199 
Vapor return line, 198 
Valves, 20, 35 Vent сар, 95 
access cover, 26 Venturi, 190 
exhaust, эб Viscosity, 231 
float, 221 Voltage regulator, 174 
guides, 69 Volts II 112 
intake, 21, 36 Volumetric efficiency, 262 
lapping, 68 
lifters, 69 
maintenance, 64 Wankel, Dr. Felix Heinrich, 269, 273 
poppet, 28 Water pump, 45 
reed 260r 23 m os Work, 257 


rotary, 28 Wrist pin, See piston pin. 


ed to repair any small gasoline 
engine quickly, efficiently, 
and without the need for an 
exact parts layout or wiring 
diagram. 

This book also serves as a 
valuable reference guide in the 
repair shop. It includes the 
latest developments in the 
field and covers nonadjustable 
carburetors, transistorized CD 
ignition, rotary engines, in- 
cluding the Wankel, and other 
future engine designs. 


The unique two-fold ap- 
proach emphasizes the applica- 
tion of theory with practice in 
a laboratory or repair shop. 
Each chapter discusses a com- 
plete system of the engine. 
The chapters effectively show 
how small reciprocating gaso- 
line engines operate, how to 
perform periodic maintenance, 
how to recognize troubles, 
make tune-ups, and repair mal- 
functions. 


George R. Drake is a pro- 
fessional writer. He is also the 
author of Everyone's Book of 
Hand and Small Power Tools, 
The Complete Handbook of 
Power Tools, and Modern 
Shop Procedures, coauthored 
with Edward R. Kratfel. 
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How To Repair \ 
Electrical Appliances 


Gershon J.Wheeler 
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Electric motors, percolators, lamps, hair dryers, vacuum clean- 
ers, rotisseries, waffle irons, dishwashers—you can repair all of these 
items and more, without special equipment or experience by 
following the easy instructions (illustrated by more than 120 
drawings) in this book. 

The basic methods described are clear, safe, and invaluable for 
every person who owns an appliance. Moreover, they will save you 
time and money. The chapter on preventive maintenance shows you 
how to keep appliances in good working order and avoid repair bills 
caused by common mistakes. 

Learn how to repair all home electrical appliances from these 
practical instructions. The basic principles are easily grasped and will 
enable you to fix new appliances as well as existing models. 
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